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SoME of the biologic properties of gramicidin and tyrocidine have 
been studied with special emphasis on the activity of these agents 
in the presence of serum plasma, tissue extract and growing tissue. 
A tissue culture medium has been used in order to provide some of 
the constituents found in vivo and in whose presence a drug must 
act in order to be effective. Reports have been made on the bac- 
tericidal activity of gramicidin, tyrocidine and penicillin for Gram- 
positive organisms growing In the tissue culture medium.‘ Studies 
on the hemolytic effect of gramicidin and tyrocidine on erythrocytes 
suspended in the tissue culture medium have also been reported.’ 
Gramicidin was found to be more hemolytic than tyrocidine as well 
as more bactericidal under these conditions. Penicillin did not 
cause hemolysis although its bactericidal activity was as great as 
that of gramicidin. 

The present report deals with the effect of gramicidin, tyrocidine 
and penicillin on the migration of lymphocytes and other cells in 
cultures of the mesenteric lymph node of the rabbit. 

Methods. The technique used was similar to the modified 
Maximow type of preparation described by King and Henschel.® 
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Young adult male rabbits were used exclusively and the plasma, 
serum and tissues used in each series of cultures were obtained from 
the same animal. Blood was obtained by carotid cannulation of 
the rabbit with the animal under light ether anesthesia. The solu- 
tion of heparin used in the preparation of plasma contained 0.04% 
of purified heparin (Connaught Laboratories) and 0.8% sodium 
chloride. This solution was sterilized by Berkefeld filtration and 
approximately 0.25 ce. was used for 15 cc. of blood. A serum 
extract was prepared by extracting chick embryos of 8 days of 
incubation with rabbit’s serum in the proportion of 1 embryo to 
5 ec. of serum. 

Tissue from the mesenteric lymph node of the rabbit was removed 
and fragmented under sterile conditions immediately after death 
of the animal. Suitable explants of a similar size, 1.5 to 2.5 mm. 
in diameter, were placed in 3 series of 12 fragments each. Care was 
taken to match fragments of a similar size and shape so that the 
resulting groups were as nearly alike as possible. Cultures of 
explants in the control series did not receive any bactericidal agent, 
whereas gramicidin was added to cultures of the second series and 
tyrocidine to cultures of the third series. 

Similar experiments were carried out with penicillin and con- 
sisted of 2 series of 12 explants each. Tyrode's solution was added 
to the control series and a suitable dilution of penicillin in Tyrode's 
a lution Was added to the second series. 

Suspensions of the bactericidal agent to be tested in an amount 
equal to 10% of the volume of the final tissue culture clot were 
added to the serum extract before the cultures were made. The 
purified gramicidin used was prepared by Osterberg according to 
the method of Hotchkiss and Dubos’? from crude tyrothricin. 
Sharp & Dohme kindly furnished the crude tyrothricin as well as 
the purified tyrocidine used in this study. Stock solutions of grami- 
cidin and tyrocidine in 95% alcohol were prepared containing 
20 mg. per cc. Dilutions of the stock solution were made in Tyrode's 
solution just before use. Similar dilutions of 95% alcohol in Tyrode's 
solution were added to the control series of cultures. 

Two samples of penicillin were used in this study. One sample, 
obtained through the courtesy of Dr. Florey and Dr. Heatley, 
contained pyrogens and had a potency of 42 Oxford units per mg. 
This sample was used in the group of experiments in which 0.2% 
of penicillin was tested. The second sample, obtained from Merck 
& Co., and having a potency about two-thirds that of the first 
sample, was used in experiments in which larger amounts of the 
drug were tested. Solutions of penicillin in Tyrode’s solution were 
preserved in solid carbon dioxide. 

The individual tissue cultures were made as follows: Each explant 
was placed on a 22 mm. round coverslip in a clot consisting of 1 drop 
of plasma and 3 drops of serum-chick-embryo extract. The cover- 
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slip was secured to a heavier glass slide by means of a drop of saline 
solution and the preparation was covered by a hollow glass slide 
rimmed with petrolatum, then sealed with a mixture of paraffin 
and petrolatum. Cultures were incubated as lying drops at 37.5° C 
for 24 hours. Determinations of the extent of migration of cells 
were made according to the method described by Stenstrom, King 
and Henschel. With the use of an ocular micrometer at a mag- 
nification of 60 times, a measurement was made of the radius of the 
widest part of the migration zone from the edge of the fragment 
to the outer limit of migrating cells (135 ocular micrometer units 
are equal to 1 mm.). The average value in ocular micrometer units 
was determined for each series of 12 cultures. From a statistical 
study of cultures of normal lymph node in which each experiment 
consisted of 2 matched groups of 12 fragments each, it was found 
that the error in such a system would not be expected to exceed 
20.8 units. 


9 GRAMICIDIN AND TYROCIDINE ON MIGRATION OF 
LYMPHOCYTES 


Average migration, Average migration 
Ay ge migration, cultures containing Variation cultures containing Variation 
t gramicidin from controls tyrocidine from controls 
nits* ocular units* % ocular units* % 
5 wg. per ec. 5 wg. per ec. 
251 236 6 233 7 
142 138 3 150 6 
232 225 —3 227 —2 
177 184 +4 1S7 +6 
256 267 4 272 +6 
20 ue. per 20 pg. pe 
204 178 —13 198 
147 153 +4 156 +6 
00 303 l 317 6 
97 197 0 199 +1 
22 217 t 244 Ss 
264 264 0 246 
218 206 6 200 8 
SU ug. SO ug 
100 160 20) 207 { 
23t 19 —17 217 Ss 
3¢ 14 264 3 
260 201 23 30) 12 
Lov 190 -17 225 2 
207 17¢ 15 220 
OO ug. per ec, 100 wg. per ce 
147 111 — 24 139 5 
239 18 - 22 229 —4 
20 234 — 21 285 —4 
227 172 - 24 226 0 
02 159 —21 207 +2 
135 ilar units = 1 mm. 
This test was done with purified gramicidin and tyrocidine obtained from 
ibos and Hotchkiss. 
Values in italies show significant variation from controls. 
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After measurements had been made, the cultures were fixed in 
Zenkerformol fixative and sections were made according to a method 
described by King* and were stained by the Dominici technique. 

Results. (ultures containing small amounts of gramicidin and 
tvrocidine (5 wg. and 20 ug. per ce.) did not show a significant 
alteration in migration when compared with control cultures 
(Table 1). Examination of the stained sections of cultures containing 
gramicidin and tyrocidine showed little difference in the morphologic 
characteristics of the migrating cells as compared with controls. 
In a few instances in experiments in which 20 ug. per cc. of gramicidin 
were used there were fewer intact erythrocytes in the original tissue 
fragment. This was due to the hemolytic effect of gramicidin. 

Gramicidin in a concentration of SO yg. per cc. or more caused 
a significant decrease in the extent of migration of lymphocytes in 
all tests, whereas the same amounts of tyrocidine caused a significant 
decrease in migration in only | out of 11 tests. Histologic examina- 
tion showed a greater degree of degeneration of lymphocytic ele- 
ments in cultures containing gramicidin than in cultures of the 
control series. There was an increased amount of fragmentation of 
the nuclei of lymphocytes and granulocytes which had undergone 
pvknosis. In many instances the granules of the pseudo-eosinophils 
were distinct in spite of nuclear degeneration. Larger ameboid cells 
that were still intact showed a distortion of cell outlines and vacu- 
olization of the cytoplasm. Nuclear material in these cells appeared 
to be less prominent than in similar cells of control cultures. No 
intact erythrocytes were seen in the explants; however, there was 
much erythrocyte débris. Examination of stained preparations 
containing tyrocidine showed that they did not differ markedly 
from control cultures. Intact erythrocytes were observed in the 
explants and the number of surviving granulocytes in the migration 
zones Was actually somewhat larger than in control cultures. The 
lymphocytic elements appeared normal for this stage of growth. 

It was not possible to make satisfactory measurements on cultures 
containing more than 100 yg. per ce. of gramicidin or tyrocidine 
because the insoluble particles of both substances obscured the cells 
in the migration zone. Another type of preparation has been used 
in another series of experiments in order to explore more fully the 
relative toxicity of the various products of the soil bacillus.* It was 
possible, however, to incorporate relatively large amounts of penicil- 
lin into the tissue culture medium because of its solubility. It was 
necessary to use large amounts of penicillin in order to cause any 
demonstrable cytotoxicity (Table 2). Only when 1 mg. per ce. or 
more was used was there any significant decrease in migration. 
Thus, 10 times as much penicillin as gramicidin may be used before 
the same degree of inhibition of migration results. Histologic exami- 
nation of cultures containing 1 mg. per cc. of penicillin showed that 
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fewer ameboid lymphocytes were present and there was an increased 
amount of degeneration of the granulocytes. The larger phagocytic 
cells were rounded up and showed varying degrees of cellular dis- 
integration. These degenerative changes are the same as those 
observed with a number of other toxic agents and are more or less 
nonspecific in character. No change was observed in erythrocytes 
present in the explants treated with penicillin. 
TaBLE 2.—Errect oF PENICILLIN ON MIGRATION OF LYMPHOCYTES 


Average migration, 


Average migration, cultures containing Variation 
controls, penicillin, from controls, 
ocular units* ocular units* 


200 wg. per ce. 


258 256 1 
202 219 +S 
219 225 +3 
219 207 5 
199 ISS 6 


500 pg. per ec. 

228 223 2 
1000 wg. per ce. 

276 200 28 
2000 pg. per ce. 


210 103 51 


* 135 ocular units = 1 mm. 


Italic values show significant variation from controls. 


Comment. Although gramicidin and tyrocidine are lethal for 
laboratory animals when given intravenously, clinical experience 
with the local use of these products would indicate that their 
toxicity for tissues is small.4 From this study it appears that 
gramicidin is more toxic than tyrocidine; however, there is a wide 
range}between the amount of gramicidin that would cause tissue 
damage and the amount effective against most Gram-positive 
cocci found in infected wounds. Henle and Zittle® reported that 
gramicidin was more active than tyrocidine in decreasing the 
respiration and motility of bovine spermatozoa. This agrees with 
our results. It appears from available data that gramicidin is more 
toxic for mammalian tissues than tyrocidine as well as more bacteri- 
cidal for Gram-positive bacteria and more destructive for erythro- 
cytes. 

The results of this study also shed some light on the question 
whether or not tyrothricin should be fractionated for clinical use. 
Since gramicidin is more cytotoxic than tyrocidine, there would be 
little advantage in using purified gramicidin for the purpose of 
avoiding toxicity. Tyrocidine aids in keeping gramicidin in sus- 
pension and also inhibits Gram-negative bacteria on which grami- 
cidin is said to have little effect. However, research now in progress 
indicates that there may be other reasons for using purified grami- 
idin under certain conditions. 
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The remarkably low tissue toxicity of penicillin has already been 
well demonstrated in the work of Fleming? and of Florey' and his 
coworkers. Our results confirm their observations. 

Conclusions. (Gramicidin is more toxic than tyrocidine for cells 
migrating from explants of mammalian lymph node. However, the 
amount of gramicidin necessary to produce a toxic effect was large 
compared with the amounts necessary to kill most Gram-positive 
cocci. 

Penicillin is approximately one-tenth as toxic by weight as 
gramicidin when studied in the same preparation containing explants 
of lymph nodes. 
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It has been customary to divide acute pneumonitis into lobar 
and bronchopneumonia. Lobar pneumonia is usually associated 
with the lower numbered types of pneumococ ci; whereas broncho- 
pneumonia is due to various microérganisms, either by primary 
bacterial invasion or secondary to operations, chronic disease, or 
acute systemic infection, such as measles, influenza or tular- 
38.45 

In the past few years, however, attention has been directed to 
a new form of bronchopneumonia not accompanied by secondary 
bacterial infection. It is believed that this pneumonia is due to a 
virus and it has variously been called atypical bronchopneumonia, 
virus pneumonia, pneumonia variety X, and so forth.1:5:13-15.19.28.2 
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7 Nuch confusion has arisen over its etiology, clinical 
picture, and the pathologic process going on in the lungs. In the 
last vear our attention has been called to this confusion because 
of the number of these cases on the wards of this hospital. Three 
cases, | mild, 1 severe, and 1 very severe we have been able to 
identify as probable ornithosis (psittacosis) by the complement- 
fixation test. Other cases running parallel clinical courses, but not 
due to the virus of ornithosis, suggested close similarities between 
ornithosis and atypical pneumonia. A brief review of the literature 
substantiates this finding. It is a presentation of these likenesses 
which forms the basis of this report. 

History of Ornithosis. As early as 1879, Ritter® in Switzerland 
described 7 cases of an unusual pneumonia (with the postmortem 
findings on 1) which occurred after contact with tropical birds. 
The illness was characterized clinically by a typhoid-like course 
with an unusual bronchopneumonia. On pathologic examination, 
the pulmonary alveoli seemed to be filled with desquamating res- 
piratory epithelium. Sporadic cases continued to be seen in Europe, 
but not until 1892 did the disease assume clinical importance. In 
that year two bird importers, Marion and Dubois, started from 
Buenos Aires with 500 parrots.® En route 310 died, each importer 
arriving in Paris with 95 birds. Marion went to live with his brother, 
and shortly thereafter both developed a pneumonia from which 
the brother died. Dubois likewise developed pneumonia and 
recovered, but 7 members of his landlord’s family died of pneumonia 
and numerous neighbors were infected. Dujardin-Beaumetz was 
assigned to study the new disease and arrived at the conclusion that 
it was a grippal infectious pneumonia. Nocard** isolated from the 
bone marrow of a dead parrot a bacillus of the enteric group, which 
he considered the causative agent. Not until another epidemic in 
Paris in 1804 did the disease receive a specific name. Morange* 
established the parrot as a vector and called the disease “ psittacosis”’ 
after the Greek yurraxos (“ psittakos”’), a parrot. 

Psittacosis has occurred sporadically in other countries. Cases 
were reported in Italy in 1895,” in the United States in 1S887° and 
1904," in England in 1892,7° and in Germany in 1909.4 In 1920 the 
concept of its bacterial etiology was revived by Perry,*® who found 
Bacillus aertrycke in healthy parrots. This organism was culturally 
and serologically the same as Nocard’s bacillus. In general, how- 
ever, no definite etiology was known and the disease was regarded 
as rare. 

Epidemic of 1929. Wuring the summer of 1929 an epidemic of 
itypical pneumonia broke out in Cordoba, Argentina.’ Cordoba 
s the scene of an annual fair where bird dealers congregate to buy 
parrots imported from Brazil and Paraguay. In 1929 there were 
any sick and dying birds in the displays visited by the town folk. 

many townsmen became ill that the dealers with their birds 
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moved to nearby Tucuman. Again the pneumonia followed, and 
the dealers moved on, causing still other epidemics. Eventually 
many of these birds found their way to Europe and to this country. 
The clinical features of the Argentine epidemic were those which 
had previously marked this illness: headache, lassitude, a rapidly 
rising temperature, vomiting, delirium, intense thirst, a relatively 
slow pulse, a non-palpable spleen and variable forms of pneumonia 
associated with a dry spasmodic cough. When the epidemic came 
to England, Thompson reported the first 4 cases,“?? and in 1930 
outlined the first modern clinical picture of the disease.“* With 
current laboratory techniques Bedson, Western, and Simpson‘ 
were able to isolate a filterable virus both from sick parrots and 
from patients. This virus was infectious for hens, parrots, and 
budgarigars, but not for pigeons or guinea pigs. 

Following the shipment of several large orders of parrots to 
New York pet dealers, human infections began to appear in this 
country... During the winter of 1929-30, 169 cases with 33 deaths 
(19°% mortality) were reported. The U.S. Public Health Service 
found 74 foci in 15 states, 16 additional laboratory infections with 
2 deaths, and 12 further cases on ships carrying parrots. In 55 foci 
parrots were vectors, and parrakeets, love-birds, canaries, and a 
variety of psittacine birds in the others. Infected birds had been 
imported from Brazil, Colombia, Cuba, Nicaragua, Honduras, 
Trinidad, Salvador, Mexico, Germany, and Japan. In addition, 
psittacosis was reported in Argentina, Algeria, Germany, Austria, 
Holland, Czechoslovakia, Denmark, Switzerland, France, Spain. 
Portugal, Canada, and the Hawaiian Islands. Some idea of the 
size of the bird industry at this time can be gained by the importa- 
tion figures for 1929. In that vear about 50,000 birds of the parrot 
family and about 350,000 canaries were brought into the United 
States. 

Psittacosis Control. The relatively high mortality attracted 
great publicity, and in January 1930, an embargo by executive 
order was placed on the importation of parrots.*® In 1932 shell 
parrakeets, Amazons, love-birds, Mexican doubleheads, African 
grays, cockatoos, macaws, lories, and all similar birds were added 
to the embargo. Despite these measures, psittacosis became endemic 
in the aviaries of California, and new infections continued to occur 
after contact with acute or latent infections in these home-grown 
birds. In 1933 Mever found as many as 60% of the birds in some 
breeding lofts to be infected.** By rigid restrictions on interstate 
shipments from the breeding aviaries, the epidemic was gradually 
controlled. During 1932 there were 75 cases with 7 deaths; in 1933, 
15 cases with 4 deaths; and in 1934 one localized epidemic in a 
Pittsburgh department store, following the arrival of a shipment 
of infected parrots and parrakeets, causing 35 cases and 10 deaths.’ 
Since that time only sporadic cases have been reported. 
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Psittacosis Since 1932. Meyer and his group took up the study 
of the ecology of psittacosis and found that human infections could 
he traced to canaries as well as to psittacine species.“ Ruys reported 
finches as the source of human cases,** and Haagen and Mauer?’ 
implicated the arctic fulmar, a sea bird, as a reservoir for human 
ornithosis. Five orders and multiple species, including the chicken, 
dove, and many types of finch, are now known to be infected.“ 
More recently, domestic pigeons have been found to harbor the 
virus as a latent infection*’®® In addition, the National Zoo in 
Washington has reported psittacosis in its birds. It is because of 
these multiple hosts that Meyer* has suggested ornithotic”’ 
pneumonia as a more appropriate term. 

Ornithotic Infection Chains. From the studies of Mever** and 
Burnet,'! it appears that the virulence of the different psittacosis 
strains is related to the duration and stability of the host-parasite 
relationship. In Australia, the main theater of parrot evolution, 
this relation has reached a highly developed stage of “ symbiosis.”’ 
The virus is easily transmitted to new generations of birds, usually 
while they are young; it maintains itself most often as a latent infec- 
tion, and there is a low degree of virulence for heterogeneous hosts. 
For this reason it is only after numerous passages that the Australian 
strains can be made mouse-virulent, whereas European and Ameri- 
can psittacosis are readily transmitted to mice. The clinical expres- 
sion of this phenomenon is the rarity of human cases of psittacosis 
n Australia compared with its relative frequency in America and 
Europe. 

There is also a wide variation in host susceptibility. In the Java 
rice bird, once infection is established, the mortality is 95%, while 
the infected fulmar or parrot may readily survive and become a 
healthy carrier. Rice bird droppings are relatively non-infectious. 
Those of the fulmar, parrakeet, or parrot, contain the virus in large 
amounts, and may be responsible for respiratory or enteric invasion 
n birds and for respiratory invasion in man. This is of practical 
mportance in collecting epidemiologic data. When canaries, finches, 
ind hens are suspected, the contact is direct, as in handling infected 

irds. When psittacine birds, fulmars and pigeons, are involved, 
he contact is usually by dust. 

\ge and environment are additional factors in ornithosis infection 

ains. Children and adult birds are more resistant to the disease. 

rowding and exposure will activate latent infections and start new 

idemics. The U.S. Public Health Service first noticed that a 

ange of weather or a change of locality precipitated active psit- 

cosis infection in birds carrying the disease.* Burnet and 
lacNamara™ found that crowding, poor lighting, and poor food 
tivated latent psittacosis in cockatoos recently brought from the 
sh. Mever** produced 100% mortality in a group of infected 
rrakeets by simulating the conditions of a pet shop. Whether 
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this is analogous to the greater incidence of human atypical pneu- 
monia in cold weather and in institutional groups invites specula- 
tion. 

Bronchopneumonias Other Than Ornithosis and Atypical Pneu- 
monia. ‘To W. G. MacCallum* we owe credit for the rebirth of the 
concept of interstitial bronchopneumonia. Working on the war 
pneumonias in 1918, he was the first to differentiate between the 
underlying interstitial bronchopneumonia of influenza and the 
changes wrought by secondary bacterial invaders. At that time 
the influenzal type of pneumonia was thought to be a new disease. 
This notion MacCallum brilliantly refuted. By historical data, as 
well as by actual section made from Civil War specimens preserved 
in the Army Medical Museum, he brought evidence that these 
bacterial-invaded epidemic pneumonias were as ancient as wars 
themselves. Similar epidemics could be traced as far back as there 
were adequate clinical records available. The most interesting part 
f his work to us now is the clear-cut demonstration of an inter- 
stitial bronchopneumonia, sometimes only very little overrun with 
secondary bacterial invaders, and yet in itself fatal. These Mac- 
Callum observed in conjunction with pertussis, measles, and a 
variety of upper respiratory tract infections, and even as a primary 
disease. Where bacteria were not present in the tissues, the patho- 
logic changes were not unlike those seen in modern atypic ‘al pneu- 
monia. Bronchiolitis, areas of patchy atelectasis or ischemic 
infarcts, hemorrhage into the tissues, dense mononuclear exudate 
on and infiltrating through the bronchial surfaces, desquamating 
alveolar epithelium and thickened alveolar septa characterized the 
process. We now know that this type of pneumonia can be caused 
by the influenza virus." Recently Finland and his co-workers,” 
and Michael* have showed that the massive invasion of staphylo- 
cocci¢ pneumonia may be secondary to an influenza virus infection. 

That other bronchopneumonias are due to the combined action 
of a virus and bacteria was suggested by MceCordock,*° who found 
intranuclear inclusions in one-third of a series of autopsies on cases 
of pertussis bronchopneumonia. Rich® also found inclusion bodies 
in the kidneys of such cases. Subsequently, by intratracheal inocu- 
lation in animals, MeCordock and Muckenfuss* produced a similar 
pathologic picture, whether bacteria and vaccinia virus together 
or the virus alone were used. That much the same situation maj 
occur in measles is suggested by Kohn and Koiransky,** who found 
definite changes in routine chest plates taken in 130 cases of ordinary 
uncomplicated measles. 

Other Interstitial Pneumonias. More support is added to the 
virus origin of many of these pneumonias in the report by Waring, 
Neubuerger, and Geever®* of 2 cases, | fatal, of uncomplic ‘ated 
chickenpox bronchopneumonia. We may not be ab le to implic ate 
a virus always, however, for so-called * ‘rheumatic pneumonia? 
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may show proliferation of the alveolar lining cells, a mononuclear 
alveolar exudate, vascular damage, and destruction of the small 
bronchi. Similarly, excessive radiation of the lungs®® both in 
animals and man may give rise to a form of interstitial pneumonitis. 

The “ New” Disease. During the last 10 years a number of 
institutional outbreaks of atypical pneumonia have attracted atten- 
tion. In 1932 Bowen’ observed 89 cases of a peculiar atypical pneu- 
monia occurring in the white troops in Hawaii. The illness was 
influenza-like, physical signs were minimal, and roentgenograms 
revealed a spotty pneumonia extending into the lower lobes. Since 
that time there has been a flood of clinical reports on a similar form 
of pneumonia, also showing a typhoid-like chart, and dispropor- 
tionately few physical signs for the pneumonia so evident by roent- 
genograin. Epidemiologic study suggests that it is an air-borne 
infection, that infectiousness is high, and that clinical variations are 
numerous. It occurs most often in the fall and early winter in close- 
knit or crowded populations. Fatigue, poor living habits, or under- 
lving chronic disease are predisposing factors. In young adults it 
is a mild disease of relatively short duration, while in the older 
age groups the course is long and there are occasional fatalities, 
especially if there is a preéxisting chronic ailment. Thrombophlebitis 
is the only complication of the severe cases. 

A similar disease has also been reported in infants, children, and 
in adolescents. Adams! and his group have reported inclusion 
bodies in a “ primary virus pneumonitis”’ seen in infants. Both the 
lungs obtained at postmortem and throat smears taken in life con- 
tained these inclusions in a high percentage of cases, whereas con- 
trols were usually negative. Using a wide variety of experimental 
animals, some not previously tried by other investigators, and 
including the technique of serial passages, they were unable to 
isolate a virus. Wall’s excellent report’ describes a similar pneu- 
monia in children. In this group the mortality was high. The 
course Was that of a typhoid-like illness in which roentgenograms 
showed a shifting bronchopneumonia with paradoxical physical 
findings, much as in ornithosis and adult human atypical pneu- 
monia. Daniels’ also described a mild form of atypical pneumonia 
in young girls, his cases differing in that there were no prodromata 
before acute onset. 

Bacteriology of Atypical Pneumonia. As we have seen, the virus 
of psittacosis was the first to be isolated.*** In 1937 Burnet and 
l'reeman' recovered a rickettsia from patients with Australian Q 
fever. Later Smith®® showed that a potential Q fever reservoir 
existed in the ticks infesting the small animals of northern Australia. 
In 1940 Dyer, Topping, and Bengston'’ recovered a rickettsia from 
the spleen of a fatal case of atypical pneumonia. Dyer’s rickettsia 
gave cross immunity reactions with both Burnet’s Q fever virus and 
that of American Q fever. There was no cross immunity, however, 
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with known strains of typhus of Rocky Mountain spotted fever 
virus. The same year Eaton, Beck, and Pearson'’ recovered from 
the lungs of 2 fatal cases of atypical pneumonia a psittacosis-like 
virus which was highly mouse-virulent, but had a low virulence 
for the rice-bird and would not produce a carrier state in either 
host. This would indicate a relatively homogeneous infection chain 
not fully established in man. By complement fixation and mouse 
protection tests, Eaton’s virus was found to be antigenically related 
to psittacosis as well as to another virus isolated in 1938 from the 
throat washings of a febrile catarrh patient by Francis and Magill.” 
Serologically it was distinct from influenza virus, from lymphocytic 
choriomeningitis virus, and from the virus of lvmphogranuloma 
inguinale. In mice, ferrets, and monkeys, it produced an extensive 
pheumonitis on intranasal inoculation, and lymphocytic chorio- 
meningitis on intracerebral inoculation. In 1941 Harrop, Rake and 
Shaffer?® reported an atypical pneumonia occurring in laboratory 
personnel due to the lymphogranuloma virus with which they 
were working. Using the complement-fixation test they found cross 
reactions in their sera between the virus of lymphogranuloma 
inguinale, psittacosis virus, the Eaton virus, and Francis and 
Magill’s meningo-pneumonitis virus. Five of 8 other cases of ordi- 
nary atypical pneumonia studied by Harrop’s group had a positive 
Frei test. Fromthe work of this group,” it is now known that these 
viruses seem to have a similar type of developmental cycle, in some 
stages of which infectiousness is slight or absent, and in other 
stages of which the filter-passing power diminishes. All have mul- 
tiple tropisms. In mice injected intracerebrally, they produce 
meningitis; intranasally, an identical pneumonia, and subcutane- 
ously, similar granulomas. Most recently, Stickney and Heilman 
have recovered another ornithosis-like virus from a patient exposed 
to chickens and presenting the clinical picture of human atypical 
pneumonia. 

Many other workers, however, have not had the success reported 
above. Weir and Horsfall™ exhausted a long list of animals before 
finding that the mongoose was apparently susceptible to human 
atypical pneumonia. Adams and his group! were without success, 
using an even greater variety of animals. Similarly, Enders®® has 
inoculated the usual laboratory animals, including monkeys, by a 
variety of routes without success. Yet, despite these failures, the 
disease is readily transmitted from person to person. 

These results lead to interesting speculations. If it is true that 
bacteria-free atypical pneumonia other than ornithosis was not 
known before 10 years ago, one of the ornithosis viruses might be 
offered as the progenitor of human atypical pneumonia, having 
become so established as a result of the 1929-30 psittacosis epidemic. 
This presumes a very rapid adaptation in man. It is more likely, 
however, that atypical (virus) pneumonia is an ancient disease. 
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As in endemic Australian ornithosis, perhaps some strains of the 
virus of human atypical pneumonia are well adapted to homo- 
geneous human infection chains, while other strains, like the South 
\merican ornithosis virus, still require heterogeneous hosts to insure 
their perpetuation, and therefore may be passed to experimental 
animals. 

Clinical Aspects of Ornithosis. ypidemiology. Normally the 
disease is contracted from sick or dying birds who show character- 
istic signs of the infection: cough, rhinitis, ruffled feathers, and 
sometimes diarrhea. Carriers are able to transmit the disease 
when their infected droppings dry and are blown about as dust, 
or if the birds are handled or allowed to feed from one’s mouth. 
Occasional cases of human to human transmission are = on 
record? second attack of psittacosis is also 

Incubation Period. The usual interval between exposure and 
acute onset is 10 to 14 days, with a range of 8 days (as in the case 
Hloge*® reports of a man bitten by a parrot) to 30 days.**! 

Prodromata. ‘The onset is that of a rapidly developing, general- 
ized infection with many findings characteristic of the typhoidal 
state. Within 1 to 3 days the temperature climbs rapidly to 104° F. 
or more. There is general malaise, a severe headache, often occipital 
at first and later frontal, great asthenia, and frequently the muscle 
aches of grippe. Nausea and vomiting occur, but diarrhea is rare. 
In the milder cases, epistaxis is present occasionally. 

Signs. During the early stage of the illness, the striking findings 
are a relatively slow pulse of 80 to 100, a temperature of 102° to 
105° F., mental torpor, a furred tongue, mild distention (in the 
more severe cases), and no localizing signs on examination. 

Laboratory Data. The initial white blood count is normal or 
low, with 65 to 90° segmented neutrophils. There is often a mild 
proteinuria. A moderately elevated sedimentation rate which rises 
during the course and non-specific bacteriologic findings in the 
throat, blood, and stool are the rule. Secondary beta streptococcus 
sore throats or other infections may cause an elevated white count 
in their own right. 

Clinical Course. Three types of the disease are encountered: 

|) The very mild type of infection, lasting from a few days to 1 or 2 
weeks, and occurring most often in adolescents and young adults. 
The prodromata and onset may be the same as in the severe cases. 
Hleadache, malaise, muscle aches, an unproductive cough, a negative 
physical examination, and minimal central pneumonia found by 
roentgenogram characterizes the illness. With daily roentgenograms 
Rivers®*’ found that the hilar shadow appears with the acute symp- 
toms but is represented by physical signs only after the 3d day. 

2) The ty phoidal tvpe, with variable pheumonic features, occurs 
most often in young adults and lasts 3 or 4 weeks. A dry cough 
and severe headache are the most prominent symptoms. Photo- 
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phobia or meningismus may be present. The temperature remains 
high with minor daily fluctuations. A relative bradycardia, disten- 
tion, and constipation are common during the first week. The 
pneumonia is characteristically a patchy—at first usually central 
migrating pneumonitis varying in density from the mottling of 
pulmonary congestion to the frank consolidation of lobar pneu- 
monia. Atelectatic and asthmatic episodes, and paradoxical physical 
findings in the chest are common. Pleurisy or effusion are rare, 
although the signs may seem to indicate either. A secondary rise 
in temperature with further pneumonia may occur. 

(3) The third type of the disease differs chiefly in its more wide- 
spread pneumonia, longer course, and more severe symptoms. In 
this group a mortality ranging up to 30% is present. Older age 
groups and those with underlying chronic disease are commonly 
attacked. Cyanosis appears early, even while respirations are slow 
and free. Delirium and terminal stupor are almost constant find- 
ings. Relapses are common, and thrombophlebitis and arteritis 
of the pulmonary vessels are complications. Occasional patients 
may show encephalitic symptoms with minor changes in the spinal 
fluid. When death does occur, it is from pulmonary insufficiency 
and generalized toxemia. 

Pathologic Anatomy. Beyond an acute splenic tumor, pneumonia 
is the chief pathologic finding. Grossly the lungs show a diffuse 
confluent bronchopneumonia, usually beginning in the hilar regions 
and extending fanwise toward, but not often involving, the pleura. 
There may be a thick layer of crepitant lung over the dense areas, 
or an apparently consolidated lung may be air-bearing enough to 
float. This probably accounts for the paradoxical physical findings. 
In the early stages the pneumonic area is deep red. Later this 
changes to a greyish-red color. The bronchioles contain a tenacious 
exudate, and the alveoli a frothy hemorrhagic fluid suggestive of 
pulmonary edema. 

Microscopically, there is a bronchiolitis with a neutrophilic and 
macrophagic exudate. The bronchial lining remains intact, and in 
places may be thrown into folds with a wild proliferation of cells 
resembling a carcinoma. During the acute stage, adjoining alveoli 
are engorged and contain various amounts of fibrin, red cells, and 
mononuclear cells. In the older lesions there is a thickening of the 
alveolar walls, due to widened lymphatics, engorged capillaries, and 
folding of the respiratory epithelium in which many mitotic figures 
are seen. An occasional vein shows thrombosis with a few neutro- 
phils in its walls. With the proper stains it is possible to demon- 
strate the inclusion bodies of ornithosis containing the characteristic 
coccal Microbacterium multiforme psittacosis (M.M.P. bodies) in 
the epithelium. 

The following cases are examples of the varying degrees of severity 
with which ornithosis may manifest itself. 
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Case Reports. Case 1* (Fig. 1, Chart 1). L. J. (Med. 61028), a 41- 
year-old housewife, was admitted to the hospital December 16, 1941, with 
the complaints of malaise, headache and fever of 2 weeks’ duration. She 
was known to have rheumatic heart disease. Two weeks before coming to 
the hospital she noticed general muscle aches, malaise, sore eyeballs and 
occipital headache. After 4 days the headache became postorbital, there 
was photophobia, and she developed a dry, hacking cough. On the 7th 
day the family physician found her temperature to be 101° to 103° F. 
Progressive asthenia, shortness of breath and orthopnea developed, and 
on the 14th day auscultatory signs of pneumonia appeared in the chest. 
Because of this she was sent to the hospital. 


iy l Mild case of ornithosis; 14th day of disease. Roentgen film of chest. 


Physical Examination. The temperature was 103° F., pulse 96 per 
minute, respirations 25, and the blood pressure 112/74. The patient was 


flushed, perspiring freely and apparently acutely ill. Despite moderate 


rthopnea, respirations were quiet and free. The tongue was coated and 


the pharynx slightly injected. The percussion note of the chest was not 


iltered; however, over the right upper lobe posteriorly there were increased 
ectorilogquy, increased breath sounds, and many fine crepitant rales. The 
eart was enlarged to the left, and at the apex there was a Grade III 
vstolic murmur. 


Patient under the care of Dr. Harry Blotner; seen in consultation by author. 
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Laboratory Data. Urinalysis and stool examination were negative. The 
initial white count was 4700 (64°; neutrophils). Four subsequent counts 
were below 5200 with a normal differential. The hematocrit reading was 
21, hemoglobin 66°; (Sahli), and the sedimentation rate 65 (Wintrobe 
uncorrected). The red cells showed a hypochromic microcytic anemia. 
Blood cultures were negative. Sputum showed no acid-fast organisms on 
smear or pneumococci on culture. A Frei test the third week of the illness was 
negative. 

Course. On entry, the patient was started on sulfadiazine. Gradually 
the temperature returned to normal, but not as promptly as is expected 
with chemotherapy. The chest cleared correspondingly. On the 8th hos- 
pital day the blood sulfadiazine level was 24 mg. per 100 ec. The dose was 
cut, but by the next day the urine output fell to 550 ec., the temperature 
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rose slightly, a large number of crystals were seen in the urine, and an 
erythematous, maculopapular, puritic eruption appeared on the arms and 
trunk. A repeat blood level at this time was 4 mg. per 100 ec. Within 2 
days the rash was gone. Convalescence was uneventful 
Epidemiology of Case. In the early part of October, 1941, about 2 months 
before the patient’s illness, her husband started a pigeon loft. Shortly after 
acquiring the second pair of birds, one became ill with diarrhea. This bird 
was exchanged for a healthy king bird (pigeon). A week and a half later the 
family Pomerian developed anorexia, fever, the shakes, and a paroxysmal 
cough which often promoted vomiting. This illness lasted 2 weeks. Two 
weeks later another pigeon was added to the flock, and although purchased 
from a different dealer it developed ruffled feathers, diarrhea, and what the 
patient thought was “whooping cough.” Every day she went into the 
bird house to water the pigeons. The only contacts with the birds were the 


FAVOUR? ORNITHOSIS (PSITTACOSIS) 173 


clouds of dust they raised, which were often enough to drive her out in the 
open. Two weeks after the second sick bird showed symptoms, and when 
the bird itself had almost recovered, the patient noticed general muscle 
aches, malaise, sore eyeballs, and occipital headache. 

The establishment from which the second sick bird was purchased was 
visited by the author, but found to have gone out of business. The patient’s 
birds were set free on Christmas day by the husband in a fit of gloom over 
his wife’s long illness. The dealer who supplied the first sick bird was also 
visited and found to have a large outdoor aviary. He explained that his 
birds were quite healthy, but that occasionally one would develop diarrhea, 
look seedy, and die. This usually took place in the fall and early winter. 
\t the time of the visit, the early spring, all the birds were sleek. Never- 
theless, 6 pigeons, including 2 young ones and the thinnest birds to be found, 
were selected and their spleens removed. One adult spleen appeared to be 
about twice the normal size. Impression smears stained by Castaneda’s 
technique did not show inclusion bodies. The spleens were ground together 
and inoculated intraperitoneally in mice. So far, splenomegaly in an 
occasional mouse is all that passage seems to produce. 

On the 4th week of the illness, and again 2 months after recovery, serum 
was taken from the patient. The family dog and the husband were also 
bled. Dr. K. F. Meyer was kind enough to do complement-fixation tests for 
psittacosis on these samples. There was 4+ complement fixation to a 
dilution of 1:64 on both of the patient’s specimens. The dog and husband 
were negative. This is consistent with a diagnosis of psittacosis in the 
patient. 


Summary of Case. The patient, a 41-vear-old housewife with 
rheumatic heart disease, came to the hospital 2 weeks after the 
onset of an illness characterized by headache, fever, malaise, weak- 
ness, and a dry cough. The temperature was 103° F., pulse 96 per 
minute, and there were minimal signs of pneumonia in the right 
upper lobe. Roentgen ray confirmed the physical findings. The 
white count was always below 5200. There was a moderately severe 
hyvpochromic microcytic anemia. Routine bacteriology Was nega- 
tive. Sulfadiazine had little, if any, effect on the course, other than 
to produce a temporary oliguria, rash and fever. Recovery was 
prompt without complications other than the concurrent cardiac 
disability. Serum sent to Dr. kK. F. Meyer gave a diagnostic eleva- 
tion of complement fixing antibodies for psittacosis. 


Case 2 (Figs. 2, 3, 4; Chart 2). H. R. B. (Med. 61013), a 44-year-old 
unmarried clerk, was referred to the hospital December 12, 1941, by his 
family physician because of a pneumonia which did not yield to sulfonamide 
medication. For an indefinite time the patient had been overworked and 
run down. Thirteen days before entry there was nausea, vomiting, and a 
shaking chill lasting 10 to 15 minutes, followed by alternating chilliness and 
feverishness. The next day a hacking, non-productive cough set in, and 
on the 3rd day the patient’s doctor found auscultatory signs of pneumonia, 
for which he prescribed prontosil 3 to 4 gm. a day. On the 7th day the 
temperature was 103° F., the pneumonia unchanged, and for this reason 
sulfathiazole was tried. It too had no effect, and on the 13th day the 
patient was sent to the hospital. Throughout, a severe frontal headache 
had been one of his most troublesome symptoms. 

Examination. The temperature was. 104° F., pulse 100 per minute, 
respirations 24, and the blood pressure 135/70. The patient was mentally 
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confused, perspiring freely, breathing easily, and acutely ill. The slight 
exertion of moving or talking precipitated unproductive paroxysmal cough- 
ing. A few pea-sized cervical lymph nodes were palpable. There was 
suffusion of the conjuctive, a furred tongue, and moderate inflammation 
of the pharynx. At the right base there was dullness to percussion, increase 
in tactile fremitus, bronchial breathing, and suppression of breath sounds. 
At both bases there were moist inspiratory and expiratory rales. The 
abdomen was distended. The liver and spleen could not be felt. Reflexes 
were physiological. 


lic. 2.—Severe ornithosis (Case 2); 13th day of disease. Roentgen film of chest 


Laboratory Data. Except for occasional microscopic hematuria, the 
irine remained clear. With a hematocrit of 44, the sedimentation rate was 
{8S mm. per hour (Wintrobe uncorrected). It remained in the 50’s during 
the first hospital week and was 30 in convalescence. The initial white 
count was 15,000 with 79°; polymorphonuclears. Subsequent counts 
fluctuated between 7300 and 12,000, with much the same proportion of 
polymorphonuclears. The initial stool, which was liquid, gave a 1+ guaiac 
test. Later specimens were normal. Blood, stool and throat cultures were 
non-contributory. A Frei test (Lygranum) on the 25th and 40th days 
was negative. The chest Roentgen ray showed a soft hilar shadow extending 
into the base and a partial consolidation of the right middle and lower 


lobes. A week later the right base was clearing, and a fine granular mottling 
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suggesting edema was present in all but the left upper lobe. As this cleared, 
the left upper was involved. 

Course. The course was long and stormy. The high fever, relative 
bradycardia, characteristic cough, slight cyanosis, headache, and abdominal 
distention could only be treated symptomatically. Sulfadiazine was given 
without effect. The physical signs were always less than indicated by 
Roentgen ray. Rales did not disappear until the patient was afebrile. At 
the end of the 2d hospital week a basilar friction rub was heard bilaterally 
for a short while. Convalescence was complicated by a thrombophlebitis 
with persistent varicose veins requiring an Ace bandage. 


Fic. 3.—Case 2; 16th day of disease. Roentgen film of chest. 


E pide miology of Case. For vears the patient had kept bachelor quarters 
on Beacon Street with a friend who had bronchial asthma. Within the last 
year the roommate had not had any acute illnesses. During the past 5 years 
the two bachelors had had a trained canary in the house, who at times 
was allowed to fly about the room, to walk up their arms, and to take food 
from their mouths. About a year ago the bird also developed asthma, and 
soon after a cyst appeared over one eye. The tumor enlarged gradually, 
and in the first week of November, 1941, the bird developed greater wheez- 
ing, a cough, diarrhea, ruffled feathers, and died. The patient cremated the 
canary and cleaned the cage approximately 3 weeks before the onset of 
his illness. A week after the canary died the patient purchased 2 new 
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Fic. 4.—Case 2; 19th day of disease. Roentgen film of chest. 
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canaries. These were always healthy, and the pet shop from which they 
came gave no history of sick birds. Subsequently the birds were sent to the 
National Institute of Health in Washington, where no evidence of infeetion 
was found. 

Serum was collected from the patient and from the roommate on the 14th 
and 43d days of his illness. These samples were sent to Dr. K. F. Meyer in 
California, who reported 4+ psittacosis complement fixation to a dilution 
of 1:128 and 1:256 on the patient’s sera respectively, and 1:8 on that from 
the roommate. The patient’s high titer is good evidence that his illness 
Was psittacosis. The low titer in the roommate indicates a latent infection. 


Summary of Case. This 44-year-old clerk came to the hospital 
after 13 days of an acute illness beginning with severe headache, 
shaking chills, a hacking non-productive cough, nausea, vomiting, 
and developing into a pneumonia which would not respond to 
sulfonamides. He had disposed of a dead canary 3 weeks before 
symptoms. There was a stormy course lasting a month, during 
which time a migrating pneumonia was the most important finding. 
The white count was moderately elevated and the bacteriology 
negative. Abdominal distention, mild delirium, cyanosis, persistent 
high fever, with at first a relative bradycardia and later a tachy- 
cardia, and a non-productive cough characterized the course. Con- 
valescence was complicated by thrombophlebitis and persistent 
varicose veins. A high and rising titer in his serum and a low titer 
in his roommate’s serum of psittacosis complement-fixing antibodies 
confirms the diagnosis of active psittacosis in the patient and a latent 
infection in his friend. 


Case 3 (Figs. 5, 6, 7; Chart 3). M. C. B. (Med. 59613), a 41-year-old 
married, colored postal clerk, was admitted to the hospital May 2, 1941, 
with the complaints of headache and fever of 5 days’ duration. During the 
evenings the patient worked as a postal clerk and during the days attended 
law school, studied, and slept. For the 2 weeks before coming to the hos- 
pital he had assumed the additional burden of preparing for a civil service 
examination. Six days before entry the patient went to the beach without 
warm enough clothing. That evening he developed a severe headache, and 
by the next day complained of general malaise and a shaking chill. From 
the 2d to the 4th days before coming in there was progressive weakness, 
malaise, and finally chills and fever. Despite these symptoms the patient 
remained ambulatory, and on the night before hospitalization took the 
examination for which he had been preparing. During this time cough was 
negligible and sputum scanty. However, headache and burning behind 
the eyes were severe. 

Examination. The temperature was 104.6° F., pulse 92 per minute, 
respirations 24, and blood pressure 130/85. The patient appeared only 
moderately ill. Respirations were free and painless. Several small shotty 
lymph nodes were palpable in the anterior cervical triangles. The nose 
was clear, the tongue furred, the pharynx negative, and the neck supple. 
Over the upper right lung posteriorly there were diminished breath sounds 
and a few fine rales. The heart was normal. The spleen could not be felt, 
but the liver was palpable 2 fingers below the costal margin. The abdomen 
was mildly distended. Neuroiogic examination was normal. 

Laboratory Data. The urine showed 1+ acetone in the first specimen 
and from 0 to 2+ albumin in many subsequent specimens. One to two 
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white cells were seen in the sediment on several occasions. The hematocrit 
reading was 48, later falling to 43, hemoglobin 16.3 gm., and the sedimenta- 
tion rate 13 mm. per hour (Wintrobe uncorrected). On admission the 


white count was 10,000 with 85°; polymorphonuclears. At the height of 
the illness it rose to 16,000 with 95°, polymorphoncuclears, and in defer- 
vescence was 9000 with 85°; polymorphonuclears. Stool, urine, and blood 
cultures were non-specific. Agglutinations with B. tularense, suipestifer H, 
typhoid (H and Q), paratyphoid B, proteus X19 and OXK, and brucella 
antigens were negative both at 1 and 4 weeks. Lung puncture material and 
spinal fluid were sterile aérobically and anaérobically. Intraperitoneal 


Fic. 5.—Probable ornithosis (Case 3); 7th day of disease. Roentgen film of chest 


inoculations of sputum into mice and guinea pigs produced no disease in 
these animals. The total proteins during the acute phase of the illness were 
7.5 gms. per 100 ce. A Frei test early and late in the disease was negative. 

Course. During the first week the temperature persisted at 105° F.; 
there was a relative bradycardia, severe headache, and a progressive torpor 
with accompanying stiff neck. Cough was singularly absent. Several lumbar 
punctures at this time revealed sterile normal fluid. The diagnosis of 
pneumonia was confirmed by Roentgen ray, which showed a broad zone of 
consolidation involving the lower portion of the right upper lobe. Abdominal 
distention was combated with difficulty. Sulfathiazole had no effect. At 
the height of the illness a thoracentesis yielded 10 ec. of clear sterile fluid, 
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and 3 days later a lung puncture was equally negative, both by culture 
and inoculation into mice. Sulfapyridine was then tried, but was also 
without effect. The pulse rose, and tachycardia persisted throughout con- 
valescence. With the onset of a fast pulse recovery began, and by the 
19th hospital day the temperature was normal. 

From the beginning, the physical chest signs were always less than the 
Roentgen ray findings. At no time was there absolute flatness nor was 
there frank tubular breathing, although the paradoxical signs of fluid led 
to a relatively dry chest tap. Clearing was a gradual process with rales 
persisting until the temperature was normal. The spleen was never felt 


Fic. 6.—Case 3; 10th day of disease. Roentgen film of chest. 


and the liver receded with recovery. Repeated Roentgen rays revealed a 
spreading pneumonia confined chiefly to the right lung field. Recovery 
was uncomplicated, and now, a year later, the patient is quite well. 
Epidemiology of Case. No history of pets, birds, or animals as contacts 
could be found, nor was a person-to-person infection chain evident. Serum 
taken 2 weeks after defervescence was found to have a positive complement 
fixation for psittacosis 4+ 1:8 and 3+ 1:16. Serum taken 11 months 
after infection at which time the patient was in excellent health had a 
psittacosis complement-fixation 4+ 1:64. This is suggestive of psitta- 
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Fig. 7.—Case 3; 16th day of disease. Roentgen film of chest. 
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Summary of Case. This 41-year-old postal clerk came to the 
hospital on the 6th day of an acute febrile illness characterized by 
persistent sulfonamide-resistant temperatures of 105° F., a relative 
bradycardia, a large area of consolidation in the right lung, a white 
count of 10,000 with 85% polymorphonuclears, and no cough or 
sputum. Extensive laboratory work did not implicate any of the 
usual causes of acute pneumonia. The course was stormy with a 
high white count and tachycardia during convalescence. Serum 
taken after recovery contained a significant titer of complement 
fixing antibodies for psittacosis. 

Discussion. uring the 1} years in which the above cases of 
ornithosis were observed, we have had more than 12 cases of human 
atypical pneumonia, representing all the clinical types of the group 
from the rapidly fatal fulminating infection to the mild case with 
an unsuspected patch of consolidation found only on Roentgen ray 
examination of the lungs. In every case it has been possible to match 
the clinical picture and course of these human atypical pneumonias 
with that which has been outlined for psittacosis. The same parallel 
is evident iff the larger series reported by Murray,*’ Longcope,*’ 
Reiman, and others. 

Except in localized outbreaks where contacts are known, atypical 
(virus) pneumonia seems to be a sporadic infection arising unher- 
alded, as though either the patient himself had a latent infection 
which was activated by unfavorable physical or environmental 
conditions, or the disease was transmitted by carriers who them- 
selves had only a mild headache or a simple afebrile tracheobronch- 
itis. Again and again we have been impressed by the history of 
another member of the family having an episode of headache and 
dry cough 2 to 3 weeks before the patient became acutely ill with 
atypical (virus) pneumonia. It is also of interest that the fall and 
early winter are the most common seasons of attack of both pneu- 
monia and the non-bacterial tracheobronchitis. This is entirely 
analogous to the frequency of ornithosis infection in birds with the 
onset of the cold weather, when the disease is activated in carriers 
and new and more fulminating infections begin to appear in other 
birds. 

Where the incubation period of “atypical pneumonia” is 
known,****47 the range is 7 to 21 days, with a usual time of 11 to 
14 days. This is identical with the incubation period for ornithosis. 
We know also that infectiousness in virus pneumonia may be as 
great as in ornithosis. Nurses have been known to come down with 
atypical pneumonia 2 weeks after working one day on an isolation 
ward with atypical pneumonia patients, where masks, gowns, and 
goggles were routinely worn for protection.‘ Similarly, ward 
patients in the next bed, doctors, and Roentgen ray technicians 
have been infected after brief contact with a case of atypical pneu- 
monia.?!:37 
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The prodromata of “atypical pneumonia’ are the same 
as those for ornithosis. In atypical pneumonia there is usually a 
l- to 3-day onset with malaise, chilly sensations, or occasionally a 
frank shaking chill. Cough may initiate the illness and often there 
is minimal coryza with occasional epistaxis. Nausea, vomiting, and 
diarrhea are uncommon. Acute symptoms are preceded by a rapid 
rise in temperature to 104° F. witha relative bradycardia. A hacking 
cough and severe headache are almost constant symptoms. 

The signs of “atypical pneumonia” are the same as those of 
ornithosis. A typhoidal languor, photophobia, conjunctival suf- 
fusion, and mild coryza are usually present. The tongue is furred, 
and unless there is a superimposed streptococcal pharyngitis, the 
throat is benign. Occasionally glandular enlargement, rashes or a 
meningitis are seen. Much the same early signs are characteristic 
of ornithosis. 

The comparison is equally good between the laboratory data in 
the two conditions. In “atypical pneumonia” the white count is 
low or normal, with 70 to 90°% segmented neutrophils. Initially 
there may be a mild albuminuria and a low sedim@htation rate. 
luring the course the sedimentation rate rises to 30 or 40 mm. 
per hour. Routine cultures of the blood, throat, stools, sputum, 
and throat washings usually do not vield any pathogenic organisms 
in abundance. If the course is rapidly fatal in either ornithosis or 
atypical pneumonia, the white count may be 20,000 or more, as 
we observed in one of our atypical pneumonia patients who died on 
the llth day. 

The cases of either disease may be classified into 3 general clinical 
types of severity.. There are the very mild infections lasting | to 7 
days, occurring in young adults and characterized by malaise, 
muscle aches, headache, and a variable amount of non-productive 
cough. Physical examination is negative the first 3 days, although 
a Roentgen ray of the chest will show a central pneumonia. A few 
chest findings may appear on the 4th day, or the patient may 
recover without developing the signs of pneumonia. Sometimes the 
atypical pneumonia patients show an elevation in the white count 
to 17,000 or more durin recovery. In ornithosis it does not often 
rise to as high a level. 

The more severe type of infection, common in the older age 
groups, with both “atypical pneumonia”’ and ornithosis the cause, 
may run for one or more months. In each disease there is a typhoid- 
like state and a migrating pneumonia, a high temperature with 
minor fluctuations, and a tendency to relapse. Usually children 
under 10 do not contract ornithosis on exposure; however, atypical 
pneumonia has been described as a severe childhood infection and 
is especially fatal in infants. In both diseases relative bradycardia 
for the first week or more, later giving way to a normal or fast 
pulse, constipation, and distention, are consistent findings. Languor. 
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severe headache, and a paroxysmal dry cough persist throughout. 
The pneumonia in both diseases is alike. It is a central, patchy, 
migrating pneumonitis, usually giving fewer physical than Roentgen 
ray signs. The density is either a fine mottling, an atelectasis, or 
frank consolidation Cyanosis out of proportion to the area involved, 
and asthmatic episodes, often complicate the picture. 

‘The third type of “atypical pneumonia,” characterized by either a 
rapidly fatal spreading pneumonia with dense consolidation or a 
long course with a predilection for the age extremes or those with 
underlying chronic disease, and characterized by a migrating pneu- 
monia and high fever, is similar to the very severe form of ornithosis. 
A variety of bizarre manifestations may also be present in atypical 
pneumonia. Migrating polyarthritis, erythematous skin eruptions, 
jaundice, hematuria, fibrinous pericarditis, general glandular en- 
largement, encephalitis, and thrombophlebitis occur. In all types 
of both ornithosis and atypical pneumonia it is interesting that 
the Roentgen ray changes may persist from a few days to weeks 
after the patient becomes afebrile. 

Pathologically the findings in “atypical pneumonia” are very 
similar to those of ornithosis and other known virus pneumonias. 
It is as if the body tended to respond in a similar manner to a 
variety of closely related but distinct pathogenic agents. Grossly 
the lungs in atypical pneumonia may show loose adhesions con- 
necting the lobes and a fibrinous exudate over the visceral pleura. 
A patchy consolidation resembling confluent lobular pneumonia, 
areas of atelectasis, or what appears to be pulmonary edema, may 
be present. The small bronchi contain a thick mucopurulent exudate 
consisting chiefly of polymorphonuclear leukocytes, and show con- 
gestion of their mucosa. The early lesions are a hemorrhagic alveo- 
litis and an interstitial bronchitis and tracheitis, with squamous 
inetaplasia and segmented neutrophilic infiltration in the bronchi, 
and a mononuclear response in the alveoli. These are almost identical 
with the findings in ornithosis. In the later stage of atypical pneu- 
monia, the septa become thickened by rows of mononuclear cells 
about the alveolar periphery, which infiltrate the septal walls, as 
well as by a tendency to organization with fibroblastic and endo- 
thelial cell proliferation. The most interesting findings of atypical 
pneumonia are vascular and perivascular lesions in the lung capil- 
laries and in the medium-sized branches of the pulmonary arteries, 
showing a neutrophilic, mononuclear, and eosinophilic infiltration, 
reminiscent of periarteritis nodosa. 

Two of the patients presented in this report had a high titer of psit- 
tacosis antibody in their immediate convalescent serum. The third 
had a convalescent titer which was moderate, and well may represent 
i cross-reaction so common in this general group of infections. The 
same complement-fixation test for psittacosis has been done on most 
‘f our other “atypical pneumonia” cases, and in all cases there has 
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either been a negative reaction, or at most positive fixation in 
dilutions of 1:2 during the late acute phase of the illness. None 
have shown a rise in titer nor positive fixation during convalescence. 
Other serologic procedures are needed in studying this type of 
infection to detect the presence of latent infections as well as out- 
spoken cases of human “atypical pneumonia.” Only then will i 
be possible to show how endemic in man is ‘ ‘atypical pneumonia ’ 
and what can be done to control it. 

In the absence of such tests we must continue to classify broncho- 
pneumonias as primary bacterial, mixed bacterial and interstitial, 
and interstitial (or “atypical pneumonia Before the clinical 
differentiation of a group of pneumonias similar to psittacosis, 
most bronchopneumonias were lumped together as the same disease 
process. Now there is considerable doubt whether some of those 
cases, from which the high numbered types of pneumococci are 
recovered and in which there is only a moderately elevated white 
count, are simple bacterial bronchopneumonias, especially when 
chemotherapy has little effect. What they probab ly represent are 

various combinations of bacterial and virus invasion, much as is 
the case with influenza. In any one patient there may be a pre- 
dominance of the bacteria or of the virus. It is not unusual for 
mixed as well as pure interstitial bronchopneumonias to be incited 
by conditions which lower the state of physical fitness, such as 
operations, chronic diseases, great fatigue, or other acute illnesses, 
much as the change of seasons brings out orinthosis in birds or 
atypical pneumonia in man. The practical point is to limit sulfona- 
mide therapy to cases where there is significant secondary “* ‘terial 
invasion, since it is not effective in either ornithotic or human 
atypical pneumonia. 

Within the group of atypical pneumonias themselves great con- 
fusion has arisen from the failure of simple or extensive laboratory 
techniques to reveal a single etiologic agent. Recently, however, 
serologic work had tended to relate the several different viruses 
which have been isolated from human cases. Our new knowledge 
of the ecology of ornithosis has suggested an ecology of atypical 
pneumonia in man. Except for a demonstration of latent atypical 
pneumonia infections, the two diseases are similar. Some strains 
are high in infectivity, mortality, and ability to take on a hetero- 
geneous host, while others may infect only the age extremes or the 
chronically ill and will not take on any other known host. It is 
just as significant that good workers are unable to isolate a virus 
pathogenic for laboratory animals in many human patients as it 
is that in other patients they have found 4 or 5 related viruses, all 
capable of producing the same disease picture. 

The cases presented in this report are also of interest because a 
variety of animal inoculations did not differentiate ornithotic 
pneumonia from the human type of virus pneumonia. If we had 
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not had the assistance of Dr. Kk. F. Mever’s laboratory, where the 
psittacosis complement fixations were done, all cases might have 
been regarded as human virus pneumonia. Furthermore, we would 
have missed the fact that ornithosis:is probably much more com- 
mon than is suspected. It is significant that the history of bird 
contact, where found, was always obtained several days after the 
patient had been in the hospital, and was sought chiefly because 
the hospital staff had been awakened to the ornithosis problem by 
a visit from Dr. Meyer. 

Summary. 1. “Acute atypical pneumonia” is defined as a form 
of interstitial bronchopneumonia, not usually accompanied by 
secondary bacterial invasion, and characterized by bradycardia, 
headache, dry cough, low or normal white count, and failure to 
respond to the sulfonamides. While the term may well be used 
where no etiologic agents have been identified, when they can be 
isolated from cases of this type, they are found to belong to a related 
group of viruses. 

2. The first isolated example of this type of pneumonia is psitta- 
cosis or ornithosis. Its history is traced from its initial description 
in IS79, through the discovery of its virus etiology in 1930 during 
the international epidemic, to the ecologic investigations of the last 
few vears. 

3. Interstitial pneumonia has been described in cases of influenza, 
measles, pertussis, and varicella, and in these instances may be 
due entirely to the action of either a virus or a bacterium, or fre- 
quently to a combination of the two. It has also been observed in 
the course of acute rheumatic fever (rheumatic pneumonia) and 
after irradiation of the thorax, and for that reason probably rep- 
resents a pathologic response to a number of types of pulmonary 
irritants. 

{. Comparison of the incubation period, symptoms, clinical 
course, pathologic and laboratory findings in ornithosis (psittacosis) 
with those in the human atypical pneumonia group reveals very 
striking similarities. The results of virus studies and serologic tests 
in these diseases also indicate this close relationship. 

5. One probable and 2 definite cases of ornithosis observed in the 
course of 1S months in Boston are presented. 

6. The frequency with which ornithosis virus may cause atypical 

pneumonia in man is emphasized. Careful questioning about con- 
tact with varieties of birds known to harbor the virus, and com- 
plement-fixation tests on acute and convalescent sera should be 
performed in order to make the diagnosis. 
7. It is suggested that cases of human atypical pneumonia from 
vhich no etiologic agents have been isolated may be due to a virus 
of the psittacosis group which has become fixed in man and is usually 
ncapable of heterogeneous parasitism. 

The author wishes to express his indebtedness to Dr. Charles A. Janeway for 

suggestions and help with the manuscript. 
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THE ABSORPTION RATE FROM THE BONE MARROW 
By Leo M. Meyer, M.D. 


AND 


Martin Per~uutrer, M.D. 
BROOKLYN, N. Y. 


From the Department of Medicine, Long Island College of Medicine and the Kings 
County Hospital) 

Since 1940 the introduction of blood, plasma and other fluids 
into the medullary cavities of the sternum and long bones has been 
used for the parenteral injection of such solutions. The value of 
this procedure in cases of extensive burns of extremities, extreme 
shock with peripheral vascular collapse, and in small infants has 
been reported by Tocantins and O'Neill?’ and Tocantins, O’Neill 
and Jones.° That the fluids injected are rapidly absorbed was 
shown by the clinical improvement of the patients and also by 
experimental procedures, both in man and small animals. 

In 1934, Josefson* injected 4 to 5 ec. of Campolan intrasternally 
in eases of pernicious anemia and noted the reticulocytosis and 
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improvement in the condition of his patients. In 1940, Tocantins 
bled rabbits of 206% of their blood. One day later he injected an 
equal amount of blood into the marrow of the upper end of the tibia 
and found that the hemoglobin and red cells became normal in 
24 hours. In a second experiment he rendered rabbits convulsive 
by the intravenous injection of insulin. The injection of 20% to 
30% glucose into the tibial marrow produced a cessation of svymp- 
toms in 2 minutes. Ina third experiment the author put one needle 
into a rabbit’s heart and a second one into the tibia. Congo red 
solution was injected into the tibia and within 10 seconds the dve 
was found in the plasma from the heart’s blood. Macht,> using 
dogs, cats, rabbits, guinea pigs, rats and mice, showed that the 
effect of intramedullary injection of a large group of drugs was rapid, 
as indicated by their characteristic systemic effects. ‘Tocantins, 
O'Neill and Jones® also proved the rapid absorption of chemicals 
and drugs from the marrow by injecting Diodrast and obtaining 
Roentgen ray e\ idence of this dve in the renal pelves of children 
5 minutes later. 

The pathway for the exit of solutions injected has also been in- 
vestigated in man and animals. Benda, Debray and Bournee! in 
1937 injected the femurs of guinea pigs with a radiopaque solution 
and demonstrated its generalized dissemination in all major blood- 
vessels. In 1940, Tocantins® injected mercury into the tibial mar- 
row of the rabbit and noted its appearance in the deep femoral vein. 
He also injected the same metal into the sternal marrow of a cadaver 
and at subsequent autopsy found the material in the internal mam- 
mary veins. Benda, Orinstein and Depitre? performed a similar 
experiment using thorium in the cadaver and lipiodol in the live 
patient, and on Roentgen ray both solutions were seen in the internal 
mammary veins. Henwig* obtained the same result using an opaque 
dve. Tocantins, O'Neill and Price! injected a rapidly hardening 
green solution into the sternal marrow of the cadaver, and at 
autopsy found the material extending from the marrow into the 
internal mammary veins and the right auricle. 

In the present experiment an effort was made to determine in 
actual time the absorption rate fromthe marrow as compared with 
the injection of the same substance into the vein. Circulation times 
were done by injecting 3 cc. of a saturated solution of saccharin into 
the median basilic veins of 24 subjects. The length of time required 
for the injection, the time elapsing from the beginning of injection 
to the onset of tasting as noted by the patient are recorded in Table 1. 
The next step was the injection of an equal amount of the same solu- 
tion into the sternal marrow of these same patients soon after the 
intravenous test. The site of injection was in the midline of the 
body of the sternum at the level of the third interspace. The mar- 
row was first aspirated in order to insure the presence of the needle 
at the proper site. As indicated in Table 1, the length of time re- 
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quired for the injection and the time elapsing from the beginning 
of the injection to the onset of sensation of taste were noted. The 
resistance to injection varied in different subjects. The complaint 
of pain did not vary with the resistance encountered in introducing 
the solution, and was worse in the more sensitive patients. In some 
instances the pain was apparently very severe, radiating from 
the sternum around to the back. No subsequent ill-effects were 


observed. 


raBLe 1 LENGTH OF Time From INJECTION TO TASTE 


Arm Sternum to 
tongue tongue 
rim After lime After 
) iInjec- to injec- 
tior inject tion Clinical 
N \ sec sec sec diagnosis Resistance Pain 
¢ 3 12 Cirrhosis of liver | 
s. D 2 6 28 7 22 Carcinoma of stomach SI SL 
D 7 > 20 5 18 Gout Nor None 
4 15 18 Pulmonary tbe Mod 
N 3 13 5 13 Obstructive jaundice Mod Mod 
( $ 4 15 8 15 Bronchiectasis Mod Mod 
W $ 3 15 4 15 Pulmonary tbe None Sl 
W $2 4 1S 7 15 Bronchiectasis None Mod 
13 7 15 Chronic aleoholism sl Mod 
62 17 Osteoporosis of bone Mi Mod 
oe +S 20 7 22 Peptic ulcer None Mod 
W ) 20 Pyelitis None None 
S 44 4 4 10 15 Gastric neurosis sl bed | 
) 8 2 22 Pulmonary tbe. Sl Mod 
I ) 8 13 28 Rheumatic heart dis- Mod Mod 
ease (compensated 
I 10 10 18 Chronic osteomyelitis Mod Mod 
I ; 28 10 23 Cardiac decompensa Sl Sl. 
tion 
S. 8 12 11 Pulmonary tbe. Sl Sl 
H 24 2 13 10 l4 Acute tonsillitis Mod Mod 
2 13 t s Pulmonary tbe Sl Mod 
N 24 7 24 Cardiac decompensa- Mod Mod 
tion 
{ 3 13 13 Rheumatic heart dis- Mi Sl 
ease compensated 
I 23 2 13 11 11 Acute nephritis Marked Mod 
7 2 23 4 12 Cardiac decompensa- Mod Mod 
tion 
3.3 7.9 7.9 17 


\ survey of the results obtained indicates a distinct consistency 


in the circulation time for the individual subject. 


In 2 of the 


+ cases of cardiac decompensation which were selected, the circula- 
tion time from the marrow was less than by the intravenous route. 
\pparently the shorter distance the solution had to traverse when 
associated with a slowing of the circulation was a factor in obtaining 
these results. The authors feel that these experiments are a further 
proof of the intimate relationship between the bone marrow and the 
enous circulation, and that this immediate absorption justifies the 
ntramedullary route wherever the rapid administration of fluids 
s required and the solution cannot be conveniently given intra- 
enously. 
Conclusions. 1. A comparison was made of circulation times 
sing the intravenous and intramedullary routes and was found to 
e essentially the same in 21 subjects. 


2. In 2 cases of cardiac decompensation the circulation time from 
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marrow to tongue was less than by the venous route. In a third 
case the results were identical. 

5. These results are further proof of the intimate relationship 
between the medullary cavities and the general circulation, and 
warrant the use of intramedullary injection of fluids when venous 
channels are not readily accessible. 
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OUBAIN, first isolated by Arnaud in 1888, is approximately twice 
as potent as strophanthin.' 

As the use of strophanthin as a method of rapid digitalization in 
congestive failure and in rapid cardiac arrhythmias is well estab- 
lished, and as Batterman, Rose and De Graff! have reported on the 
use of ouabain in congestive heart failure, we have endeavored to 
evaluate the use of ouabain in rapid cardiac arrhythmias. ‘Thirty- 
three patients from the wards of the Philadelphia General Hospital” 
were studied. All had rapid cardiac arrhythmias, the ventricular 
rates ranging from 140 to 210 per minute. There were 2 cases of par- 
oxysmal auricular tachycardia, 4 of auricular flutter, 24 of auricular 
fibrillation, 2 of simple tachycardia and 1 of paroxysmal ventricular 
tachycardia (Table 1). Nineteen of the patients were in congestive 
heart failure. Four additional cases in the series were excluded 

The authors are indebted to Dr. T. M. McMillan, Dr. 8. Bellet, and Miss | 


Ratner of the hospital Heart Station for valuable assistance, and to the visiting chiefs 
on whose services the patients were treated. 
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because of difficulty in evaluation. ‘They were extremely ill and all 
died within 5 hours after injection of ouabain. It is difficult to 
state whether or not the drug hastened or caused the demise of 
these patients. The general lack of toxic effects noted in the study 
makes the latter consideration unlikely. This, however, will be 
discussed later. 


rasLe 1.—Types or ARRHYTHMIAS IN VARIOUS HEART DISEASES STUDIED 
No Paroxysmal Simple Paroxysmal Conges 
of auricular Auricular Auricular tachy- ventricular tive 
Diagnosis cases tachycardia flutter fibrillation cardia tachyeardia failure 
A rteriosclerotic 5 5 
Hypertensive 9 7 1 
Arterioscl ic and 
sive 5 l 4 
Rhe 6 
Hy} i l l 
Cor l l 
No | 2 l l 1 
I 2 4 24 2 | 19 


According to Wyckoff and Goldring,’ ouabain produces an initial 
effect in from 5 to 20 minutes and a maximum effect in from 15 to 
50 minutes when given intravenously. They found that the larger 
the dose, the earlier the initial effect and the more delayed the maxi- 
mum effect. These authors felt that there was a definite relation- 
ship between body weight and the amount of ouabain needed to 
produce a therapeutic effect, just as did Eggleston® regarding digit- 
alis. ‘The response to ouabain, therefore, may actually be even 
faster than that to strophanthin Kk. Speed is frequently an impor- 
tant consideration in view of the fact that rapid heart action, if 
untreated, is likely to result in congestive failure on the basis of 
inadequate diastolic filling of the heart. Minutes may be life- 
saving in value in the presence of threatening pulmonary edema or 
persistent cerebral anoxia. In some of the cases presented here it 
was definitely felt that immediate reduction of the cardiac rate was 
indicated. Levine and Cunningham® suggested that ouabain be 
injected intravenously in small doses, 0.4 mg. every } hour, so that 
there would be no danger of giving an excess of more than 0.1 mg. 
of the minimum toxic dose. These recommendations were based 
on studies in cats. Cohn and Levy? described the action of ouabain 
in man. They gave an initial dose of 0.1 to 0.5 mg. and a second 
dose of 0.3 to 0.5 mg. an hour later. Hatcher and Bailey* recom- 
mended that not more than 0.5 mg. be given in 24 hours. Because 
of the rapid action and the rapid elimination of ouabain, Batterman, 
tose and De Graff! outlined a method of obtaining rapid digitaliza- 
tion by simultaneous administration of ouabain intravenously and 
ligitalis leaf orally. 

Method. In accordance with this method, we gave 0.5 mg. (5 cat units) 

| ouabain* intravenously. The oral dose of digitalis leaf (4 to 8 cat units), 


The ouabain used consisted of 2 cc. ampoules, each containing 0.5 mg. or 5 cat 
ts The expiration date of the ampoules was individually marked. Carroll 
inham Smith Pharmacal Company, Orange, N. J., supplied the ouabain. 
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however, was usually given approximately 1 hour following the ouabain 
rather than simultaneously, in order to observe the effect of the ouabain 
per se. An electrocardiogram was taken in every case preceding treatment, 
except for several with auricular fibrillation where the diagnosis was definite 
clinically. The cardiac rate was determined every 5 minutes for 1 hour, 
then at 2 hours, 12 hours and 24 hours. Electrocardiograms were taken 
at varying intervals following the use of the ouabain. Digitalis was gener- 
ally given in maintenance doses of 1 gr. (1 cat unit) daily, beginning ap- 
proximately 24 hours after initial treatment. In no case was ouabain used 
if the knowledge or suspicion was present that the patient had taken digitalis 
during the week preceding treatment. Although symptomatic improve- 
ment (relaxation with desire to sleep, relief of bronchospasm and dyspnea, 
relief of palpitation and syncope) usually preceded objective evidence of 
improvement (sometimes within 5 minutes after injection of ouabain), a 
cardiac rate of 110 or less was arbitrarily selected as the time of optimum 
immediate effect. 


ul 


TIME IN MINUTES AF TER QUABAIN 
5 0 6 MH HD 55 C0 


Cuart 1.— Reduction in cardiac rate after ouabain treatment. 


Optimum Inaprovement and Type of Heart Disease. Table 2 
relates the optimum immediate effect to the type of heart disease. 
Improvement occurred in 1 hour in 4 of 9 patients with arterio- 
sclerotic heart disease (44.4%), in 5 of 9 patients with hypertensive 
heart disease (55.5%), in 4 of 5 patients with arteriosclerotic hyper- 
tensive heart disease (80%), in 5 of 6 patients with rheumatic heart 
disease (83.3%), in 1 with thyrotoxic heart disease, not in 1 with 
congenital heart disease, and in neither of 2 with no heart disease. 
Although this study pertains to rapid arrhythmias, the findings are 
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consistent with those of Batterman et al.,' in which the best results 
were obtained in congestive heart failure associated with rheumatic 
heart disease. It may also be noted in Table 2 that 4 (12.1%) were 
improved in 10 minutes, 9 (27.3%) in 15 minutes, 10 (30.3%) in 
20 minutes, 12 (36.4%) in 25 minutes, 14 (42.5%) in 30 minutes, 
15 (45.5%) in 45 minutes, 19 (57.6%) in 60 minutes. Twenty-one 
patients (63.7%) were improved in 2 hours and 28 patients (84.9%) 
in 12 hours, considering all types of heart disease. Two cases (6.1%) 
were improved in 24 hours, and 3 patients (9.1%) were not improved 
after 24 hours. Two of these 3 had empyema and the third had 
lobar pneumonia. The latter effect was observed by Wyckoff and 
Goldring,’ who found that a greater amount of ouabain was neces- 
sary to reduce the ventricular rate in patients who had auricular 
fibrillation with elevation of temperature than in those without 
elevation of temperature. 


TABLE 2.—RELATION OF OpTtimMuM IMMEDIATE IMPROVEMENT* TO TYPE OF 
HEART DISEASE 


Time of optimum immediate improvement 


No. ox 
of 5 10 15 20 25 30 45 l 2 12 24 Over 
Diagnosis cases min. min. min. min. min. min. min. hr. hrs. hrs. hrs. 24 hrs. 
Arteriosclerotic 9 l 1 4 
Hypertensive 9 | l 2 1§ 
Arteriosclerotic and 
hy pertensive 5 l l l 
Rheumatic 6 1 l l 2 l 
Hyperthyroid l l 
Congenital l l 
No heart disease 2 lf 1¢ 
lotal 33 0 4 5 1 2 2 1 4 2 7 2 3 
Per cent 100 0 12.1 15.2 3.0 6.1 6.1 3.0 12.1 6.1 21.2 6.1 9.1 
* Cardiac rate of 110 or less. § Empyema 
Far-advanced pulmonary tuberculosis. © Empyema. 
Lobar pneumonia. 


TABLE 3.—-RELATION OF OpTimMUM IMMEDIATE IMPROVEMENT TO TYPE OF 
ARRHYTHMIA 


Time of optimum immediate improvement 


No 
of 5 10 6 0 GB DW 4 1 2 12 24 Over 
Diagnosis cases min. min. min. min. min, min. min. hr. hrs. hrs. hrs. 24 hrs 
Paroxysmal aurik 
it tachycardia 2 1 
Auricular flutter 4 l l ] 
Auricular fibrilla- 
tion 24 4 3 l 2 4 2 ) l 2 
Simple tachycardia 2 I l 
‘aroxysmal ventric- 
ilar tachycardia l 1 
33 0 4 5 1 2 2 ] 4 2 7 2 3 


Optimum Improvement and Type of Arrhythmia. Improvement 
s compared with the type of arrhythmia in Table 3. Both cases of 
paroxysmal auricular tachycardia were improved in | hour, 2 of the 
t cases of auricular flutter, 14 of the 24 cases of auricular fibrillation, 
the 1 case of paroxysmal ventricular tachycardia and neither of the 
2 cases of simple tachycardia. These figures are difficult to interpret 
vecause of the preponderance of cases of auricular fibrillation and 


) 

h 
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the paucity of the other arrhythmias, but the results are statistically 
significant (determined by use of the Fisher table.of t) regarding 
the cases of auricular flutter (50°) and those of auricular fibrilla- 
tion (58.3%). The excellent response in the case of paroxysmal 
ventricular tachycardia is difficult to explain. The drug was given 
under the false assumption that it was an auricular tachycardia, 
but an electrocardiogram was taken a few minutes after the drug 
was given and revealed the nature of the arrhythmia. 


TABLE 4 RELATION OF OpTiMUM IMMEDIATE IMPROVEMENT TO AGE O} 
PATIENT 
Time of optimum immediate improvement 
No 
A ge of 5 10 15 20 25 30 45 2 12 24 Over 
vrs.) cases min. min. min. min. min. min. min hr hrs. hrs. hrs. 24hrs 
1O-149 
() 
10-49 4 
0-59 
60-69 10 l 
70-79 2 2 
89 
rota 2 2 2 7 2 


Optimum Improvement and Age of Patient. By inspection of 
Table 4, one may see that there is apparently no relationship 
between the rapidity of improvement and the age of the patient, 
the latter ranging from 19 to 82 years. Since good results occurred 
in the older age groups, the age of the patient is probably not a 
factor in considering the use of the drug. 


“ABLE 5 ELATION OF OpTIMUM IMMEDIATE IMPROVEMENT TO SEX OF ATIENT 
I R O I I x 


rime of optimum immediate improvement 
No 
of 5) 10 15 20 25 30 45 l 2 12 24 Over 
Sex cases min. min. min. min. min. min. mit | hrs. hrs. hrs. 24 hrs 
Male 2 4 7 
Female 15 2 ] l | 2 l } 2 2 
Total 33 4 5 l 2 2 ] 4 2 7 2 


Optimum Improvement and Sex of Patient. There were 18 males 
and 15 females in the group studied (Table 5). In 1 hour, 8 of the 
IS males (44.4%) were improved, and 11 of the 15 females (73.3%) 
were improved in the same period. Three of the males might be 
excluded because of the presence of empyema in 2 and lobar pneu- 
monia in 1, complications which in themselves are responsible for 
‘apid heart action. Thus, the corrected number of males improved 
in 1 hour is 8 of 15 patients (58.3%). In 15 minutes, however, 
6 males (33.3% or 40% when corrected) and 3 females (20°) were 
improved. Of the 15 males, 7 (46.7%) were not improved in | hour, 
and of the 15 females, 4 (26.79%) were not improved in 1 hour. 
Males were more frequently improved in 15 minutes, but females 
were more often improved in 1 hour. These figures, however, were 
not subjected to statistical analysis. 
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Optimum Improvement and Congestive Failure. In Table 6 it may 
he noted that the presence of congestive failure (19 of the 33 cases) 
had no deterrent influence on the speed of improvement. In those 
with failure, 11 of 19 cases (57.99%) were improved in | hour, where- 
as in those without associated failure, 8 of 14 cases (57.19%) were 
improved in | hour. 

There was no demonstrable correlation between rapidity of im- 
provement and the initial ventricular rate. 


TABLE 6 RELATION OF OptTimuM IMMEDIATE IMPROVEMENT TO PRESENCE OR 
ABSENCE OF CONGESTIVE FAILURE 


Time of optimum immediate improvement 


No 
of 5 10 15 20 25 30 45 ] 2 12 24 (Over 
cases min, min. min. min. min. min. min. hr hrs. hrs. hrs. 24 hrs 
| 19 l 3 l l l + l 1 2 l 
\ 14 +] 2 l l l l 3 2 
l 3 4 ) l 2 2 l 4 2 7 2 3 


Toxicity. The toxic effects noted were very few. Two of the 
33 patients vomited during the observation period, but in both cases 
the oral dose of digitalis had been taken. The only electrocardio- 
graphic abnormalities present within 24 hours after the combination 
of intravenous ouabain and oral digitalis, which had not been 
present in the tracing prior to therapy, were inversion of the T wave 
in Lead | in 1 case and coupled ventricular extrasystoles in 2 cases. 
Other changes, such as S~T segment depression, ‘T wave inversions, 
and P-R interval prolongation, occurred in other cases at varying 
number of days following treatment, but these changes could be 
related to the technique of maintaining digitalization following the 
initial combined method. Changes were apt to be noted if more 
than | gr. of digitalis was given daily. This study tends to cor- 
roborate the findings of Batterman ef al.,' that the suggested 
regimen is a method of full digitalization for 24 hours, and should 
be followed by maintenance doses of digitalis. Wyckoff and Gold- 
ring’ gave 148 intravenous injections of ouabain to 32 patients with 
heart failure and noted no fatalities or harmful effects. They ob- 
served mild toxic symptoms in only 3 of 52 instances in which full 
therapeutic effects were obtained. Batterman ef al.' reported that 
IS°;, of their patients showed evidence of mild toxicity at the end 
of 24 hours. This consisted of anorexia, nausea, vomiting or pro- 
longation of the P-R interval. They regard this as indicating full 
ligitalization. Cohn and Levy? found that 52% of their patients 
vith auricular fibrillation and 12.5% of their patients with regular 
inus rhythm developed ventricular premature contractions or 

entricular paroxysmal tachycardia. These authors, however, gave 
s much as 1.1 mg. of ouabain intravenously in 2 hours. — 

With regard to the sudden death following the use of intravenous 

uiabain, it may be stated that there are many such reports with the 
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use of various intravenous digitalis preparations. We cannot justify 
the result in our 4 cases other than that they were all very criticall) 
ill. Levine and Cunningham® considered that sudden death follow- 
ing intravenous injection of digitalis might be avoided by their 
fractional administration technique. This plan is especially valu- 
able, as they themselves admit, if the patient has already received 
digitalis. We utilized this suggestion satisfactorily in 1 of our cases 
suspected of having had some digitalis prior to ouabain administra- 
tion by giving a “test dose”’ of 0.1 mg. (1 cat unit). 

Return to Normal Rhythm. Normal rhythm returned within 
{8 hours of treatment in 7 of the 24 cases of auricular fibrillation 
and in other cases of auricular fibrillation at longer intervals. 

Summary. 1. A study was made of 33 cases of rapid cardiac 
arrhythmias, consisting of 2 cases of paroxysmal auricular tachy- 
cardia, 4 of auricular flutter, 24 of auricular fibrillation, 2 of simple 
tachycardia and | of paroxysmal ventricular tachycardia. 

2. Ouabain produced an optimum immediate effect (sustained 
ventricular rate of 110 or less) in 1 hour in 44.4 to 83.3% of all heart 
disease cases except in the 1 case of congenital heart disease and in 
the 2 cases without heart disease. Nineteen patients (57.6%) were 
improved in 1 hour, 21 (63.7%) in 2 hours and 28 (84.9%) in 
12 hours. These figures are statistically significant. 

3. Optimum immediate improvement occurred in 1 hour in both 
cases of auricular tachycardia, in 2 of 4 cases of auricular flutter 
(50%), in 14 of the 24 cases of auricular fibrillation (58.3%), in the 
1 case of ventricular tachycardia, and in neither of the 2 cases of 
simple tachycardia. The figures for flutter and fibrillation have 
statistical significance. 

t. There was no correlation between optimum improvement and 
age of the patient, associated congestive failure, or initial ventricular 
rate. Females were more often improved in | hour (73.3%) than 
males (53.3%), but males were more often improved in 15 minutes 
(40%) than females (20%). The significance of the difference 
between the sexes was not determined. 

5. Toxic effects (vomiting, T wave inversiou in Lead 1 and coupled 
ventricular extrasystoles) noted were very few. 

6. Normal rhythm returned in 7 of the 24 cases of auricular fibril- 
lation within 48 hours. 

7. The total absence of syphilis for a series in a hospital where 
approximately 15% of the cases of heart disease have syphilitic 
etiology emphasizes the rarity of underlying luetic heart disease in 
rapid cardiac arrhythmias. 

Conclusions. 1. One intravenous dose of ouabain produces a 
statistically significant reduction in ventricular rate and is an 
effective method of treating rapid cardiac arrhythmias of auricular 
origin. It is relatively ineffective when the mechanism is that of a 
simple tachycardia or when complicated by severe infection. 
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2. When combined with 1 oral dose of digitalis, intravenous 
ouabain is an effective aid in producing full digitalization. 
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SEVERAL of the sulfonamide drugs have been used effectively in 
the treatment of pneumococcus pneumonia since 1938.5 The com- 
pounds which have been most extensively and successfully used for 
this purpose, sulfapyridine, sulfathiazole and sulfadiazine, have 
been studied thoroughly with regard to their absorption and excre- 
tion, their therapeutic effects in pneumonia and other diseases, and 
their toxic reactions. On the other hand, the relation of the dosage 
t these drugs to the outcome of the disease has not been given 
nuch attention. Evans and Gaisford? used an initial dose of 2 gm. by 
nouth in adults, followed by 1 gm. every 4 hours. In this country, 
loses of all 3 drugs have varied from 2 to 6 gm. initially, usually 
lowed by 1 gm. every 4 hours.' Garvin'® employed 4 gm. of 

ilfathiazole or sulfapyridine initially, with subsequent doses of 
gm. every 4 hours until improvement occurred, when the dose was 

wered to | gm. every 4 hours. Billings and Wood? used 0.1 gm. 
sodium sulfadiazine per kg. of body weight, intravenously. as an 
tial dose, followed by 1 gm. of sulfadiazine by mouth every 
hours with the object of attaining high blood levels early in the 
irse of treatment. 
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In order to determine the effect of relatively high doses of the 
sulfonamides, as compared with low doses, in the treatment of pneu- 
mococcus pneumonia, we conducted a study as follows: Sputum 
for typing and blood for culture were collected immediately on all 
patients admitted to the medical wards of the Gallinger Municipal 
Hospital who were suspected of having pneumonia. Following 
these procedures, the patients on the + adult wards, comprising the 
Georgetown Medical Division* were given an initial dose of 6 gm. 
of sulfadiazine orally, followed by 1 gm. every 4 hours. (Vor the 
sake of brevity, we have called this the high dose.) Patients on 
the 4 adult medical wards of the George Washington Medical Divi- 
sion* were given 2 gm. statim and 0.5 gm. every 4 hours thereafter 
(which we have called the low dose). Patients were referred alter- 
nately to these divisions by a central admitting office. The drug 
was continued in all cases until the temperature had been normal 
for 3 or 4 days and the clinical condition improved, when therapy 
was discontinued abruptly. Whenever a patient failed to improve, 
specific antipneumococcic serum was administered, while the dosage 
of sulfadiazine was held constant. Specific serum was considered 
necessary In only 5 cases. Three of these patients had received the 
low doses of sulfadiazine. Two of them died and 1 recovered 
promptly after administration of the serum. Both of the patients 
in the high-dosage series who received serum died. 


TABLE 1 RESULTS OF TREATMENT OF PNEUMOococcIC PNEUMONIA WITH 
DIFFERENT Doses OF SULFADIAZIN 


I n Low H 
1 w if 
\ I 
| ler 23 2 
59 6 68 4 
24— 47 17 18 9 
iS— 71 9 0 1 0 
244 
96-119 0 
120 and over i l 2 0 
I xcluded because tempera- 
ture already down wher 
Died 5 1 § 2 10 1 
bacterem1l 16 5 


In evaluating the results, only t\ ped cases of pheumococcic pne 
monia with unequivocal clinical and roentgenographic evidence « 
the disease have been considered. As shown in Table 1, S] patient 
2 gn 
followed by 0.5 gm. every 4 hours, and 79 the high dose of 6 gm 
followed by 1 gm. every 4 hours. It will be seen that there is 1 


with pneumococcic pneumonia were given the low dose of 


We wish to thank the Attending and Resident Staffs a a a 


r whole-hearted coéperati 
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striking difference in the outcome in the 2 groups. There was a 
slight tendency for the temperature to fall sooner in the patients 
treated with the higher doses, since 36 patients (45.6¢7) of this 
group showed a permanent drop in temperature to below LOL® F. 
by mouth within 24 hours, as compared with 31 patients (38.367) 
among those treated with the lower doses. Within the first 48 hours 
the temperature of 54 (68.49%) of the patients receiving higher 
doses had fallen below 101° F., as compared with 48 (59.3%) of 
those in the lower-dose group. Only 10 patients (12.79%) who 
recovered after receiving the higher doses experienced a fall in tem- 
perature below 101° F. later than 48 hours after the commence- 
ment of therapy, whereas 20 patients (24.79) of those who recov- 
ered after receiving the lower doses of sulfadiazine took longer than 
iS hours to reach a point below 101° F. There were 5 deaths in 
the low-dosage group and S among the patients receiving higher 
doses. However, several of these deaths could be attributed in 
great part to complicating diseases. Among the patients who died 
in the low-dosage group, | patient had far-advanced bronchiectasis 
and another committed suicide during the course of the pneumonia. 
\mong patients who died in the higher-dosage group, | patient had 
hypertensive heart disease, | had chronic glomerulonephritis, and 
2 were suffering from acute and chronic alcoholism. If the patients 
with complicating diseases are omitted from consideration, there 
would remain 3 deaths in the low-dosage series as against 4 in the 
high-dosage series. There is another important factor to be com- 
pared in the 2 groups. The incidence of bacteremia was greater 
in the higher-dosage series (13 cases—16.5°7) than in the low- 
dosage series, where there were only 9 cases (11.1%). 

An indirect method of measuring the rapidity of improvement is 
by determining the average number of days spent in the hospital 
by the surviving patients in each group. This was done for the 


patients under consideration, only those being 
empyema or who had other diseases than the 
would have increased their length of stay. The 


days in the hospital was 16.1 for the low-dosage 


the high-dosage group, a difference of 3.4 days. 
Table 2 shows the incidence of complications 


excluded who had 
pneumonia which 
average number of 
group and 12.7 for 


in the two groups. 


Slow resolution of the pneumonic consolidation was observed in 
9 patients who received low doses of sulfadiazine and in 4 patients 
who were given the higher doses. Slow resolution was characterized 
by the presence of dullness, abnormal breath sounds and voice 
ounds and rales, plus Roentgen ray evidence of consolidation, 
ften accompanied by low-grade fever, persisting for a period of 
» weeks or more after the symptoms of the acute illness were over. 
\ relapse of the pneumonia, or a spread to another lobe, or both, 
curred in 3 patients receiving low doses of sulfadiazine. One 
atient in the group who received high doses suffered from a relapse. 
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2 INCIDENCE OF COMPLICATIONS IN PATIENTS PNEUMOCOcCI 
PNEUMONIA TREATED WitH DIFFERENT DOSES OF SULFADIAZINI 


Low dose High dose 
Bacteremi Bacteremi 
Complicatior All cases cases All cases cases 
Delayed resolution 9 3 
Relapse and or spread 3 l l 0 
Empyema* l 0 1 0 
Endocarditis* 0 0 1 l 


Not present o1 admission: 


‘Toxic reactions from sulfadiazine were infrequent in all the patients 
treated, as is shown in Table 3. One patient in each group had 
fever caused by the drug. our patients in the low-dosage group 
suffered from a psychosis which was apparently due to the sulfa- 
diazine, as compared to 2 patients with psychosis in the high-dosage 
group. One patient in the low-dosage group developed a drug 
dermatitis, while gross hematuria, presumably from a renal calculus, 
and a leukemoid reaction, were each present in | patient in the 
high-dosage group. All of the patients with toxic reactions to the 
sulfadiazine recovered without sequel. 

TaBLeE 3.—Toxic Reactions IN Patients Recetvinc anp Low Doses 

OF SULFADIAZINE 


oxic reactior Low dose High dose Both agri 
Drug fever l l 2 
Drug psychosis 2 6 
Hematuria 0 l 1 
Drug dermatitis 1 
Leukemoid reaction 1 
Total . 6 5 11 


Determinations of free blood sulfadiazine were usually made 
6; hours after the first dose was administered and every morning 
thereafter as long as sulfadiazine was being given. There was no 
close parallel between the dose of the drug and the blood sulfadiazine 
levels, although in general the patients receiving the higher doses 
tended to have higher blood levels. The average free blood sulfa- 


diazine at 6 hours after the first dose of 2 gm. in 22 patients given 
low doses was 3.2 mg. per 100 ce., as compared to 4.9 mg. per 
100 ce. among 16 patients in the high-dosage series. Once the free 
blood sulfadiazine level was established in a given patient, it re- 
mained fairly constant, usually within 2 mg. per 100 cc. The low- 
est average daily blood level for any patient in the low-dosage 
group was 2.4 mg. per 100 cc., and in the high-dosage group 4.5 mg. 
per 100 cc. The median average daily blood levels for the two 
groups were 5.25 and 7.55 mg. per 100 cc. respectively, while the 
highest average daily blood levels for the corresponding groups were 
11.8 and 13 mg. per 100 ce. 

Discussion. No accurate method is available to us for measuring 
the various degrees of effectiveness which a given therapeutic agent 


5 
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may have in an infectious disease. The occurrence of recovery or 
death is a very crude measurement, since it is affected by many 
extraneous factors. In the present series, no significant differences 
can be found in the death rates in the group of patients treated with 
low doses of sulfadiazine as compared with those given high doses, 
when allowance is made for the presence of bacteremia and of un- 
related, complicating diseases. Accordingly, we have compared the 
two groups with respect to the following factors: (1) the time required 
for the temperature permanently to reach a level below 101° F 
2) the average length of stay in the hospital and (3) the incidence 
of complications of the pneumonia which developed after admission 
to the hospital. 

The fall in temperature is influenced by many other factors than 
the therapeutic agent used. The temperature in cases of pneumo- 
coccus pneumonia sometimes falls without specific treatment as 
early as the first or second day of the disease. In some patients it 
may never reach a high level. In other patients the temperature 
may be depressed or elevated as the case might be by the presence 
of other infections, by poor circulation, by chilling, by the use of 
antipyretic drugs or by metabolic factors, and so on. Furthermore, 
there is no definite point in the temperature curve which indicates 
that recovery has taken place. We have arbitrarily chosen 101° F. 
as a dividing line, because the temperature incident to resolution 
alone seldom goes as high as this. In view of all these possible 
variables, and since the blood levels obtained with the high doses 
were often no higher, and sometimes even lower, than those ob- 
tained with the low doses, we feel that the slightly greater percen- 
tage of cases in which the temperature fell below 101° F. within 
iS hours after the beginning of treatment in the higher-dose series 
6S.4°,) than in the low-dose series (59.3%) may be significant. 
This is made more likely by the fact that the length of stay in the 
hospital was 3.4 days greater in the low-dose than in the higher- 
dosage group. 

Although the serious complications of the pneumonias were too 
few in number for comparison, the less serious complications, de- 
layed resolution and relapse, were found to be more than twice as 
frequent among the low-dosage patients as among those receiving 
the higher doses. Since all of these results point in the same direc- 
tion, it seems reasonable to conclude that, whereas no benefit in 
inortality rate is to be expected from the use of an initial dose of 
6 gm. of sulfadiazine followed by 1 gm. every 4 hours in the adult 
vith pneumococcus pneumonia, as compared with an initial dose of 
2 gm. followed by 0.5 gm. every 4 hours, nevertheless the higher 
loses are more often followed by rapid recovery than the lower 
loses, and that there is less likelihood of relapse or spread of the 
meumonia to another lobe, or of delayed resolution in the patients 
ecel\ ing the higher doses. 
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furthermore there seems to be no deleterious effect from the use 
of the higher doses. In our series the incidence of toxic svinptoms 
from the sulfadiazine was practically the same in each group. ‘This 
is In contrast to the findings of Detweiler and his associates,’ who 
observed the more frequent occurrence of hematuria, oliguria, 
anuria, leukopenia, rashes and fever, when high doses of sulfapyri- 
dine (as much as 2 gm. every 4 hours) were given than when low 
doses were administered. The different results obtained by us are 
attributable partly to the fact that sulfadiazine causes fewer toxic 
reactions than the other sulfonamide drugs,‘ and partly to the 
fact that we did not employ at any time doses in excess of | gm. 
every t hours. 

In the present study we have been concerned with determining, 
by means of controlled case studies, whether there is any great 
advantage to be derived from the use of high doses of sulfadiazine 
as compared with lower doses. The evidence seems to point con- 
clusively to the fact that the routine employment of higher doses 
offers no such advantage. On the other hand, there seems to be 
no disadvantage from the use of the comparatively higher doses as 
usually administered and they should certainly be used in patients 
suffering from pneumonia with uncertain, or poor prognosis. Most of 
the factors which often indicate a poor prognosis in pneumonia are 
known: age over 40 vears, involvement of more than one lobe, 
infection with the Type III] pneumococcus, bacteremia, or the 
presence of pregnancy or another complicating disease. If any of 
these factors are present, a high dose of sulfadiazine, preferably 
6, gm. in an adult, should be given at the onset, followed by 1 gm. 
doses at 4-hour intervals. The initial dose might even be given 
intravenously as suggested by Billings and Wood,? or subcutane- 
ously, especially in poorly hydrated patients. 

Sulfadiazine concentrations in the body, like those of the other 
sulfonamides Vary directly with the degree of absorption from the 
intestines and inversely with the amount of acetylation and the 
speed of excretion. Consequently the level at which sulfadiazine 
will be maintained in the blood of a given individual by a certain 
dosage of the drug is predictable only within broad limits. In 
every case in which the drug is administered, we recommend that 
the free blood sulfadiazine level be determined within 12 to 24 hours 
of the beginning of treatment and further doses adjusted accord- 
ingly. Patients who are markedly dehydrated at the time of admis- 
sion, or who have evidences of primary renal disease, or who are in 
congestive heart failure of any degree should have their blood levels 
determined at least once per day, since these patients are subject 
to rapid accumulations of the sulfonamide drugs. 

In view of the fact that the production of sulfonamides is still 
limited and that isolated military groups may upon occasion have 
inadequate supplies of these drugs on hand, we merely wish to point 
out that under those circumstances patients with pneumococci 
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pheumonia may be treated with smaller doses than are usually 
recommended without apparently increasing the mortality rate. 

Summary and Conclusions. 1. Kighty-one unselected adults with 
typed pneumococcic pneumonia were treated with an initial dose 
of 2 gm. of sulfadiazine followed by 0.5 gm. every 4 hours until 
recovery Was certain or death ensued; while an alternate group of 
7% patients was given 6 gm. initially, followed by 1 gm. every 
} hours. 

2. There was no significant difference in mortality in the two 
groups, nor in the incidence of serious complications of the pneu- 
monias. 

4. In the patients receiving the higher doses of sulfadiazine, there 
was a slight tendency for the temperature to fall more rapidly than 
in the low-dose group; the duration of the hospital stay of the 
patients averaged 3.4 days less for the high-dose group; and the 
incidence of relapse, spread of the pneumonia to another lobe and 
slow resolution was less than half as much in the high-dosage group 
as in the low-dosage group. 

t. ‘Toxic reactions from sulfadiazine were infrequent in both 
groups, and no more numerous in the high-dosage than in the low- 
dosage group. 

5. It is concluded that, whereas higher doses of sulfadiazine are 
slightly more often followed by rapid recovery than the lower doses 
and that there is less likelihood of relapse, spread of the pneumonia 
to another lobe, or of delayed resolution in the patients receiving 
the higher doses, ne\ ertheless definitely smaller doses of the drug than 
are usually recommended can be used without fear of an increase in 
the mortality rate or of serious complications. This is significant 
in view of the fact that in the present emergency limitations of the 
supply of the sulfonamides may occur at times. 

Che authors wish to thank Dr. George C. Ruhland, Dr. James G. Cumming and 


lr John | Noble for their cooperation, and Miss Emily Godfrey and Miss Ruth 
Maver for technical assistance. 
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THE VASODILATING EFFECTS OF NICOTINIC ACID 
(RELATION TO METABOLIC RATE AND BODY TEMPERATURE) 
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Louisiana and the Charity Hospital of Louisiana 


Nicorinic acid administered orally or intravenously in sufficient 
dosage causes flushing and burning of the skin, especially of the face 
and neck, and at times, of the entire body. This vasodilator re- 
sponse was first described in 1937 and 1938 by several groups of 
investigators.’ Bean and Spies? in 1940 studied a number of 
pyridine compounds and found that only those containing the free 

radical produced vasodilatation. They suggested that 

N 

the reaction takes place in the arterioles of the skin as it is abolished 
by adrenalin, and postulated that it might be due to the liberation 
of histamine. Abramson, Katzenstein and Senior,! using a plethys- 
mographic method, found that nicotinic acid caused a significant 
increase in the blood flow in the hand and forearm and a slight 
increase in the leg. They concluded that, as the blood pressure and 
pulse rate were not consistently altered, the peripheral vascular 
effects were due to local changes in the blood-vessels rather than to 
an increase in cardiac output. 

This investigation was undertaken in an endeavor to elucidate 
further the mechanism responsible for the vasodilatation produced 
by nicotinic acid. The vasodilator response could be compensa- 
tory to an increase in heat production, or it might be due to central 
vasomotor stimulation, or to peripheral action either on nerve end- 
ing or directly on the blood-vessels. 

In order to determine whether or not the skin reaction was due to 
an increase in heat production, the effect of nicotinic acid on meta- 
bolic rate and on body temperature was investigated. Unna,’ study- 
ing the effect of nicotinic acid on the metabolism of rats, found no 
change in oxygen uptake. Spies, Bean and Stone® reported that 
nicotinic acid given to 7 normal subjects caused no uniform varia- 
tion in oxygen consumption during the period of flushing. 

In the present study, the metabolic rate was measured in 8 nor- 
mal subjects on 17 occasions using the Benedict-Roth apparatus. 
After several determinations in the basal state, 50 to 200 mg. of 
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nicotinic acid* were given orally with 30 to 60 cc. of water and the 
metabolic rate measured at intervals. Some tests were begun as 
early as 4 minutes and some as late as 44 minutes after administra- 
tion of nicotinic acid. On a few occasions 30 to 60 ce. of water 
alone were given to determine whether or not this amount of liquid 
in the stomach would influence metabolism. The findings are given 
in Table 1. There was no appreciable change in metabolic rate 
after nicotinic acid had been ingested, even when a severe vaso- 
dilator response ensued. This was true regardless of whether the 
rate was determined before the skin reaction occurred, or at its 
height. In a few subjects there was a slight increase in metabolic 
rate when the vasodilating effects of nicotinic acid were experienced 
for the first time. Discomfort and anxiety presumably explain this 
elevation since no rise occurred in subsequent tests on the same 
subject even when flushing was more intense. There was no sig- 
nificant change in blood pressure or pulse rate, except in 1 subject 
who had mild hypertension, in whom both the systolic and diastolic 
blood pressures increased 15 to 20 mm. of mercury during each 
experiment. On one occasion, however, there was a rise in blood 
pressure before nicotinic acid was given. 

The skin reaction, which was noted 4 to 25 minutes after the 
ingestion of nicotinic acid, began with a sensation of tingling in the 
fingers followed by tingling, burning, or a “starched” feeling in the 
face, especially in the forehead, across the bridge of the nose, in 
the cheeks and ears. One or more minutes after the burning ap- 
peared the skin over the face, ears and back of the neck became 
flushed. In some instances there was injection of the conjunctive 
and circumoral pallor. When the reaction was intense, the flush 
spread from the face to the neck, extending down to about a V neck- 
line in front, and spreading between the scapulz posteriorly and 
over the tips of the shoulders. The flush was a mottled red rather 
than a smooth diffuse color. If the arms were involved redness 
appeared first in the antecubital fossa, later on the extensor surfaces 
of the arm and forearm, and rarely on the palms of the hands or 
flexor aspects of the arm and forearm. Burning and redness were 
often present in the region of the sacrum and in the perineum. The 
anterior surface of the thighs and knees became flushed in a few 
instances, and | subject had an area of vasodilatation around the 
anterior surface of the ankle. Other areas of the lower extremities 
and trunk were rarely involved. 

The height of the flush was reached 4 to 20 minutes after its 
appearance and lasted from 10 minutes to 1} hours. A few indi- 
viduals had a secondary reaction after the first had faded, or when 
they got up and moved about after completion of the metabolic 
tests. In 2 subjects the vasodilatation appeared and disappeared 

everal times. In a few experiments a generalized urticarial rash 


* The nicotinic acid was furnished through the courtesy of Merck & Co. 
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The effect of nicotinic acid on body temperature was studied in a 
number of experiments. In 11 patients the rectal temperature was 
recorded prior to and at 5-minute intervals after the administration 
of 100 to 200 mg. of nicotinic acid, for periods of 40 to 60 minutes. 
In S of the 1] tests a typical vasomotor response occurred 5 to 
2() minutes after nicotinic acid was given. Before the appearance 
of vasodilatation there was a rise of temperature of 0.4° and 0.6° F. 
in 2 instances; a fall of temperature of 0.2°, 0.4° and 1° F. in 
3 instances, and no change in 3 additional tests. In each of 3 sub- 
jects who had no vasodilator response to nicotinic acid, there was a 
rise in temperature of 0.2° F. during similar time intervals. In the 
subject who showed a fall in temperature of 1° F. the flush appeared 
concomitant with the temperature change. One subject whose 
vasodilator response was severe and of long duration had a fall in 
oral temperature of 2° F. at the end of 90 minutes. Shivering 
occurred at this time. All of the above studies were conducted in 
the warm environment of a hospital ward. 

Five experiments were performed at 68° to 71.5° F. in a constant- 
temperature room. Oral temperatures only were recorded. In no 
instance was there a rise in body temperature after giving 50 to 
100 mg. of nicotinic acid. In 3 instances the nicotinic acid caused 
marked vasodilatation, which was followed by a drop in temperature 
of O.S°, O.4° and 0.S° FF. Such a fall was not observed after compar- 
able periods of time when no vasomotor reaction occurred or when 
no nicotinic acid was administered. In the same subjects no fall 
in temperature occurred in a warm environment. 

‘T'wo experiments* were performed in a room of constant tempera- 
ture, using a rectal thermocouple sensitive to changes of 0.003° C 
There was a slight rise in temperature before vasomotor changes 
appeared in one experiment and no change in a second test after 
200 mg. of nicotinic acid were given orally. After vasodilatation 
had occurred, there was a significant fall in temperature in both 
experiments. 

A number of observations made at various environmental tem- 
peratures vielded interesting findings which may have a bearing on 
the mechanism by which nicotinic acid causes a skin reaction. In 
tests on | subject it required a larger amount of nicotinic acid to 
produce a vasomotor response at a room temperature of 68° to 
70° F. than at one of 82° F. or higher. Fifty milligrams were usu 
ally sufficient to cause marked vasodilatation in a warm environ- 
ment whereas 100 mg. often failed in a cold one. In several experi- 
ments at a room temperature of 68° F. a lamp was placed over one 
area of the body, either (1) the antecubital fossa, (2) the ear and 
side of the face, or (3) the knee, and 100 mg. of nicotinic acid was 
given. A slight vasodilatation was produced in the areas which 
had been warmed, while other areas were unchanged. This flush 


These studies were made through the courtesy and codperation of Dr. Roy 
irner 
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had the splotchy appearance of that induced by nicotinic acid and 
did not occur with heat alone when no nicotinic acid was given. 
A marked and generalized reaction was induced in a cold environ- 
ment on one occasion when first one and then the other side of the 
face was warmed. This reaction occurred 40 minutes after giving 
nicotinic acid which is much later than the usual time of response 
(4 to 20 minutes). These findings could be interpreted in several 
ways. The heat may merely have aided the nicotinic acid in over- 
coming the vasoconstriction due to the cold, or the increased blood 
supply to the area induced by the heat may have allowed a sufficient 
concentration of nicotinic acid to develop in the part to cause a 
local reaction of vasodilatation. 

As mentioned previously, some subjects who ingested nicotinic 
acid to determine its effect on oxygen consumption, developed a 
secondary flush when they got up and moved about. The changes 
in circulation resulting from exercise may have increased the con- 
centration of nicotinic acid in the periphery with resultant local 
vasodilatation and a second skin reaction. 

The vasodilatation produced by nicotinic acid does not appear 
to be due to stimulation of the parasympathetic nerves. Loman, 
Rinkel and Myerson‘ reported that nicotinic acid is not synergistic 
with prostigmine nor is its action antagonized by atropine. Ina few 
experiments we found that neither atropine nor prostigmine had an 
appreciable influence on the vasodilator response to nicotinic acid. 
Spies has stated that there is an antagonism between adrenalin 
and nicotinic acid. In a few tests we found that the administration 
of adrenalin could either prevent the flush produced by nicotinic 
acid, or cause its disappearance if given at the height of the reaction. 
When only a small quantity of adrenalin was used, the peripheral 
vasoconstriction was of short duration, and the typical flush of 
nicotinic acid reappeared after a few minutes. 

Conclusion. The administration of nicotinic acid produced no 
significant change in metabolic rate or body temperature before the 
appearance of the characteristic skin reaction. The vasodilatation, 
therefore, does not seem to be compensatory to increased heat pro- 
duction. Available evidence at the present time suggests that the 
vasodilator response is due to a local effect on the arterioles in 
the skin. 
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[N a previous article’ we reported the fact that porphyrinuria 
was a comparatively frequent finding in so-called normal aged 
individuals. As the usual causes of porphyrinuria were not present 
in these subjects, it was thought of interest to give them varying 
amounts of niacin (nicotinic acid) to note the effect, if any, on the 
increased excretion of ether-soluble red pigments. 


Experimental Study. Altogether 55 subjects were studied. Twenty-six 
were males, and 29 females. Their ages ranged from 63 to 91 years. All 
were ambulatory, were housed in the ‘‘Home” division of the institution, 
and were on the normal institutional diet. Daily, at 11 a.m., 50 mg. of niacin 
were given by mouth. The urine was collected at 6 a.m. the following day, 
and was then examined for porphyrins. This was done on each successive 
day, until the urine no longer gave a positive test result for porphyrins. 
The method used in detecting the porphyrinuria was that described by 
Beckh, Ellinger and Spies.'. The urine was considered porphyrin-free if 
negative test results were obtained on 2 successive days. Our findings are 
outlined in Table 1. 


PaBLe 1 AMOUNT OF NIACIN NECESSARY FOR DISAPPEARANCE OF PORPHYRINURIA 
Niacin No. of 
mg.) subjects 
100 1 
150 3 
200 2 
250 5 
300 2 
350 6 
400 5 
450 11 
500 
550 
600 3 
650 3 
700 l 
750 3 
SOO 2 


The storage of niacin during these studies was also investigated as fol- 
lows: As soon as the urine became porphyrin-free, the administration of 
niacin was discontinued, and the urine was examined daily to see if a posi- 
tive test result was again obtained. The findings were considered to be 
positive if porphyrinuria was observed on 2 successive days (see Table 2). 


The niacin (nicotinic acid) and other vitamin products used were supplied through 
he courtesy of Hoffmann-LaRoche, Inc., Nutley, N. J. 
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TABLE 2 LENGTH OF TIME THAT ADMINISTERED NIACIN Was STORED AS 
VIDENCED BY RETURN OF PORPHYRINURIA 


No 
Davs subject 
l 

16 
5 6 
4) 
7 5 
S 
1 


The amounts of niacin necessary to check the urinary excretion of 
ether-soluble red pigments of those subjects who were found to have had 
urinary porphyrins, before treatment, ranged from 100 mg. to 800 mg., 
with an average value of 475 mg. In every instance in which porphyrinuria 
was encountered, the administration of niacin corrected this condition. 
The length of time that the administered niacin was stored in the body, as 
evidenced by the time required for the reappearance of porphyrinuria, 
ranged from 1 to 9 days, with an average of 5 days. 

To check on the quantitive excretion of niacin in patients showing 
increased porphyrinuria, 24 hour urinary niacin excretions were determined 
for 3 patients who showed a positive porphyrin test result and who were 
given 50 mg. of niacin daily; and on 4 patients who showed no porphyrinuria 
and who were given no niacin. The procedure employed for the determina- 
tion of the niacin in the urine was that described by Rosenblum and 
Jolliffe.’ These observers considered 3.4 to 10.2 mg. of niacin to be the 
normal daily excretion in young healthy adults. Melnick, Robinson and 
Field’? reported that for 11 adults, whose ages were not given, the daily 
excretion of niacin was found to be from 1.7 to 29.3 mg. Perlzweig, Levy 
and Sarett* found the daily excretion to be from 2.5 to 19.4 mg. in patients, 
ranging in age from 19 to 49 years, who had ingested 100 or 200 mg. doses 
of niacin. Seven of our subjects, 3 of whom showed evidence of porphyr- 
inuria, received from 0 to 300 mg. of niacin. The daily excretion of the 
latter ranged from 6.8 to 11.1 mg. (Table 3). The amount of niacin excreted 
by our subjects remained at approximately the same level, whether the 
patient showed a porphyrinuria or not. 


TABLE 3 Dairy EXCRETION OF NIACIN IN PATIENTS WITH AND 
WitrHovut PoORPHYRINURIA 


Nia 

Amount D 

] ph gested xere 

N Pati Sex Ag urla meg m 
1 A.B M 80 0 6.8 
2 H.G M 74 0 8 0 
Ss. H M 76 300 11.1 
I. R M 79 300 7.9 
5 } 0 
6 R.A F 79 0 7.0 
R. K 78 100 10.0 


In order to establish the fact that niacin alone was responsible for the 
disappearance of the porphyrinuria, daily porphyrin determinations were 
made on the urine of individuals who showed a positive result and who 
were not given any niacin. This was also done for those individuals who 
showed no increased porphyrin excretion. In no individual showing por- 
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phyrinuria in this control series, did the increased excretion of ether- 
soluble red pigments disappear on 2 successive days without the admin- 
istrations of niacin. The results obtained in this control series are outlined 
in Table 4. As a further control, varying amounts of ascorbic acid were 
given to 7 subjects who showed a positive reaction for porphyrinuria. An 
initial dose of 100 mg. of ascorbic acid was given by mouth to each of these 
individuals. This dosage was gradually increased until the subjects were 
given 1000 mg. of ascorbic acid at one time. The increased dosages were 
administered at intervals far enough apart to insure complete excretion 
of the previous one. Determinations were made of the urinary excretion 
of ascorbie acid in all the subjects and the plasma level of ascorbie acid in 
most of them, and also of the presence or absence of ether-soluble red 
pigments. It was observed that the excretion of porphyrin bodies did not 


raBLE 4 DatLy DETERMINATIONS OF URINARY PORPHYRINS (CONTROLS 


Porphyrin test result 


Davs 
N Sex Age 2 4 ) 6 7 8 ’ 10 1] 
| M S3 4 + + 
2 L.G 71 + + + + + 
P.C 78 
A.R 75 - + 
5 P.C M 82 4 4 4 4 4 
6 H.S M 76 + 


5.--Errect or Ascorsic Acip IN VARYING AMOUNTS 


Subject 
S.B M.S E.S E.S B.B M. S.5 
Age, 83 Age, 70 Age, 80) Age, 89 Age, 74 Age, 71 Age, 84 Age, 76 
Sex, | Sex, | Sex, | Sex, I Sex, M Sex, M Sex, M Sex, M 
Vita- Vita- Vita- Vita- Vita- Vita- Vita- Vita- 
D min min min min min min min min 
Por, C Por. C Por. C Por. C Por. C Por. C Por. C Por. ( 
83 26 + 63 + 21 + 927 + of + 10 + 10 
879 t 56 331 
9 4 + 10012 4 52 29 + 1S 
117 + 110 + Os + 100 
260 + 380 115 
930 + S18 + 91 + 180) 4 125 + 100 
116 + 212 + 21218 
a positive test for ether-soluble red pigments 
)tes a negative test for ether-soluble red pigments. 
(scorbic acid excretions are given in milligrams per diem 
P values of ascorbic acid (superior figures) mg. per 100 ec. of plasma 
8; 2, 0.62; 3, 0.60; 4, 0.40; 5, 0.92; 6, 0.30; 7, 0.42; 8, 0.54; 9, 0.80; 10, 0.91; 11, 0.88; 12, 0.67; 13. 0.58; 
14, 0.73; 15, 0.80; 16, 1.08; 17, 0.90; 18, 0.95; 19, 1.20; 20, 2.16; 21, 2.64 
6.—Errect OF SYNTHETIC NIACIN-FREE B COMPLEX ON PORPHYRINURIA 
Porphyrinuria test 
ave 
Subject Age Sex l 2 3 1 5 o 7 
P. L. SS + t 
P..C. 69 M + + + 
C.S. 76 M { + + 


F. W. 83 F +t 
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change for 2 successive days in any of these individuals, notwithstanding 
the high ascorbic acid retention and elevated blood concentration of vitamin 
C (Table 5). To control this study still further, 7 subjects showing evidence 
of porphyrinuria were given niacin-free synthetic vitamin B complex 
tablets composed of the following: thiamin hydrochloride 1.5 mg. ; riboflavin 
2.2 mg.; pyridoxin 1.5 mg.; and calcium pantothenate 10 mg. The amount 
of thiamin hydrochloride and riboflavin in each tablet corresponded to the 
daily requirement of these vitamins according to the National Research 
Council Committee on Foods and Nutrition. The dosage of the pyridoxin 
and calcium pantothenate in each tablet was in accordance with Williams’! 
prescription of the daily requirement of these components of the vitamin B 
complex. Each of the 7 subjects received 2 of the tablets daily, or a double 
dose of the daily requirement, for 7 days. In none of the individuals was 
the test negative for the excretion of porphyrins for 2 successive days 
Table 6). An attempt was also made to induce porphyrinuria by placing 
some of the subjects upon a niacin-free diet. But this phase of the experi- 
ment had to be discontinued when the individuals refused to remain on 
the restricted diet. 

Comment. In a group of so-called normal aged individuals who 
showed evidence of porphyrinuria, the administration of niacin 
resulted in the disappearance of the ether-soluble red pigments 
from the urine. The explanation of this phenomenon is still debat- 
able. Spies and his coworkers,” as well as Turner," stated that 
when either niacin or its amide was administered to an individual 
showing porphyrinuria, the latter candition disappeared. This oc- 
curred in disorders such as pellagra, diabetes, and Roentgen ray dis- 
ease. Dobriner and Rhoads,’ on the other hand, claimed that there 
was no Close relationship between a lack of niacin and an increased 
excretion of ether-soluble red pigments. Kark and Meikeljohn' 
stated that while alcoholic pellagrins occasionally exhibited an 
increased excretion of ether-soluble red pigments, this porphyrinuria 
was by no means a constant finding and bore no relationship to 
pellagrous dermatitis or to prolonged exposure to sunlight. Gross 
and his coworkers® demonstrated that niacin cleared up the por- 
phyrinuria which was present in 7 painters suffering from lead 
poisoning. Dobriner, Strain and Localio* suggested that porphyr- 
inuria may be a consequence of some liver dysfunction since they 
did not find an increased excretion of urinary porphyrins to be an 
essential feature of pellagra. Brugsch® stated that porphyrinuria 
may be caused by liver dysfunction, as a result of a deficiency of 
niacin, which would be just sufficient to prevent the normal func- 
tioning of the liver, but not enough to produce clinical manifesta- 
tions. In our subjects, the disappearance of the porphyrinuria 
after the administration of niacin might possibly be explained on 
the basis of a subclinical deficiency of this vitamin. In a previous 
paper we showed that normal, aged individuals were lacking in 
ascorbic acid.'" Clinical experience has shown that a deficiency in 
one vitamin often indicated deficiency in the other vitamins. But, 
on the other hand, the normal excretion of niacin by our subjects 
did not seem to bear out the deficiency theory. The contention 
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that niacin corrects the liver function and thereby exerts a beneficial 
effect on the porphyrinuria seems the most likely explanation. 
This is suggested by the fact that in determining the cholesterol 
partition in the normal aged, we found the percentage of free 
cholesterol in whole blood to be higher and the percentage of 
cholesterol esters to be lower than those reported in normal indi- 
viduals below 60 years of age.!' We also observed, in making a 
comparative study of various liver function tests in a group of 
+0 normal aged individuals, that a positive test for hepatic impair- 
ment was obtained in 86% of the subjects.” Hepatic impairment 
is probably a normal condition in the aged, and porphyrinuria may 
be an indication of this. The addition of niacin probably improves 
the hepatic function. In this connection Sebrell suggested that 
niacin, instead of being directly associated with the metabolism of 
hemoglobin (which is the source of the porphyrins), acts either as 
a provitamin, or may be conjugated in the body with other sub- 
stances into a more complex material. He further stated that the 
latter is the more tenable theory, since Warburg's enzymes, diphos- 
phonucleotide and triphosphonucleotide, each contain a molecule 
of miacin. 

Summary. 1. The administration of niacin to a group of normal, 
aged individuals resulted in the disappearance of porphyrinuria. 

2. The niacin was stored by the body for an average of 4.5 days, 
as evidenced by a return of the porphyrinuria. 

3. In a control series, which did not receive niacin, no decrease 
in the porphyrinuria was observed. 

t. Niacin excretion in the aged individuals in this study was 
found to run approximately at the same levels in all subjects. 

Che authors wish to thank Dr. Samuel Seidenberg and Miss Edna Albert, R.N., 


for their technical assistance. 
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STUDIES OF THE B VITAMINS IN THE HUMAN SUBJECT 
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the Thompson Vitamin Clinic of the Philadelphia General Hospital 


DURING the past few years certain subjective and objective 
clinical disturbances have been ascribed to a deficiency of riboflavin 
and have been reported to disappear when that vitamin is admini- 
stered. As a result a description of a syndrome of “ariboflavinosis”’ 
has found its way into at least one modern textbook of medicine,’ 
and the affection has been accorded a high incidence in some parts 
of the country. The present paper reviews the literature on the 
subject and summarizes personal experience in the treatment with 
riboflavin of some of the lesions attributed to its deficiency. Since, 
however, much of the data in the literature has been found to be 
conflicting and many of the lesions under our observation have 
failed to respond satisfactorily to the administration of riboflavin 
it is believed by us that the existence of a true svndrome of aribo- 
fHavinosis in the human is not yet established. 

Analysis of Literature. The clinical phenomena that have been. 
attributed to a deficiency of riboflavin are: (1) a cheilosis; (2) a 
seborrheic type of dermatitis, found in the nasolabial folds, on the 
alee nasi, in the vestibule of the nose and on the ears; (3) a vas- 
cularizing keratitis, manifested by dimness of vision, photophobia, 
lacrimation and burning and, on slit-lamp examination, by corneal 
vasculization; (4) a specific form of glossitis, characterized by a 
purple-red or magenta color of the tongue and by enlargement or 
flattening of its filiform papillae. Pemphigus vulgaris, though not 
attributed to a deficiency of riboflavin, has been reported to respond 
favorably to its administration. 

1. Cheilosis. A characteristic lip lesion was observed by Sebrell 
and Butler’? to develop in 10 of 18 patients on a diet deficient in 
riboflavin and nicotinic acid and to heal when synthetic riboflavin 
was administered. It did not respond to nicotinic acid alone. Sub- 
sequently, in certain instances of suspected deficiency, the cheilotic 
lesion was observed to heal when either riboflavin?*'* or the 
B complex’?! or both together? were administered. In most of the 
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above instances the lesion was believed to be due to riboflavin 
deficiency. Some of the data, however, permit skepticism as to 
whether or not riboflavin had anything to do with the disappearance 
of the lesion. For instance, the lesion in Sydenstricker’s Case 2 
healed while nicotinic acid alone was being administered, and that 
of his Case 5 first healed before any riboflavin was administered. 
From the observation of others it has become evident that the 
administration of fractions of the B complex other than riboflavin 
may be accompanied by healing of the lip lesion. Smith'® and 
Machella® observed healing when pyridoxine alone was administered. 
Some cases have responded favorably to nicotinic acid alone and 
some have failed to respond to either riboflavin or pyridoxine or 
nicotinic acid, and have healed only when the entire B complex 
was administered. Furthermore, certain of the lesions, especially 
the hemorrhagic ones, have healed only when a scorbutic state was 
corrected (Machella®). 

2. Dermatitis. Sebrell and Butler’ first reported the develop- 
ment in their subjects on a diet deficient in riboflavin and nicotinic 
acid of a fine, scaly, slightly greasy desquamation on a mildly 
erythematous base in the naso-labial folds, on the al nasi, in the 
vestibule of the nose and on the ears. These authors, however, did 
not state very clearly whether or not this lesion disappeared when 
riboflavin was administered and published none of the details con- 
cerning healing. A similar affection was said by Oden" to disappear 
when riboflavin alone was administered. Jolliffe? claimed that a 
more advanced stage of this skin lesion, occurring at similar sites, 
consisted of filiform excrescences. This type, according to Smith,”° 
does not respond to riboflavin, disappears slowly when nicotinic 
acid is administered and heals most promptly when the patient 
receives autoclaved yeast. Another type of facial skin lesion some- 
what different from that originally described by Sebrell and Butler 
and ascribed to riboflavin deficiency was called by Spies” “shark 
skin”’ and consists of a roughening of the skin around the mouth 
and across the tip of the nose. The pores of the affected areas are 
filled with sebaceous material. 

3. Keratitis. An ophthalmic affection ascribed to riboflavin 
deficiency consists of a superficial vascularizing keratitis.*°** It is 
manifested subjectively by dimness of vision, photophobia, lacrima- 
tion and burning. Slit-lamp examination reveals circumcorneal 
injection and superficial corneal opacities. The subjective and 
objective manifestations are alleged to disappear while riboflavin 
is being administered and to recur when. this vitamin is no longer 
supplied. Prompt healing of this type of keratitis, associated with 
the rosacea syndrome, was observed in 32 out of 36 cases reported 
by Johnson and Eckardt® when the patients received riboflavin. 
tones and McKay" found that also a type of non-vascular keratitis 
may respond to riboflavin. On the other hand, Spies” claims that 
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ocular symptoms somewhat similar to those described by Syden- 
stricker may disappear when vitamin A is administered. It is also 
interesting to note that, although a vascularizing keratitis was 
observed in experimental animals on a riboflavin deficient diet by 
Bessey and Wolbach! and by others, no such lesion was observed 
to develop in Sebrell and Butler’s human subjects on a diet deficient 
in this vitamin. 

1. Glossitis. A specific form of glossitis also has been ascribed 
to riboflavin deficiency: the tongue is purple-red or magenta in 
color and the filiform papille are flattened out or mushroom 
shaped.®:§4 The evidence for such a lesion being due to riboflavin 
deficiency is not clear. It was not observed to develop in Sebrell 
and Butler’s experimental subjects. Rosenblum and _ Jolliffe’ 
recently found the magenta color of the tongue uninfluenced by the 
administration of riboflavin in some patients, while in one instance 
the tongue was restored to normal by pyridoxine and in others by 
the administration of the entire B complex. Weisberger?’ ascribed 
an altogether different appearance of the tongue to riboflavin 
deficiency. In his cases, the tongue first became coated, this being 
followed by a patchy desquamation, usually oval in shape, the 
center of which was atrophic and the periphery raised. Although 
large oral doses of riboflavin were ineffective, restoration to normal 
was obtained by him when small doses were given intravenously. 

5. Pemphigus Vulgaris. Topping and Knoefel® reported the 
successful use of riboflavin in a patient with pemphigus vulgaris, 
but this was not confirmed by the experience of Wolf and Lewis.”7 

Description of Cases and Procedure. ‘The 2() subjects for our study 
were patients in the wards and out-patient departments of the 
University of Pennsylvania and of the Philadelphia General Hos- 
pitals. Three of them had more than one lesion that has been 
ascribed to riboflavin deficiency. Patient D. C. had the cheilosis, 
the magenta-colored tongue with enlarged papille, corneal opacities 
and conjunctival injection. She had no corneal vascularization, but 
a marked arcus senilis was present which, according to Sydenstricker, 
forms a barrier to vascularization at the limbus. Patients A. L. 
and R. G. had both the cheilosis and the magenta-colored tongue 
with flattened papille. 

Nine of the 20 subjects had the eye lesions, with both subjective 
and objective manifestations, which Sydenstricker and others have 
claimed should disappear when riboflavin is administered. Five of 
the total group had cheilosis. Six had glossitis, and 4 had pemphigus 
vulgaris. 

A synthetic riboflavin* was administered orally. The dose during 
the first week or two was 2 mg. in tablet form 3 times daily. If no 
response occurred at the end of such a time, the amount of ribo- 
flavin was increased. The achlorhydric patients received in addition 


* Generously supplied by Merck and Company, Inc., Rahway, N.J. 
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at least 1 ce. of dilute hydrochloric acid with each meal. If no 
favorable response occurred after the combined therapy, another 
vitamin was prescribed and the riboflavin discontinued. No other 
vitamin supplements were permitted while the effect of one vitamin 
was being observed. No change in the dietary habits of the out- 
patients was allowed while under the vitamin treatment. In those 
patients admitted to the wards, however, access to a house diet 
was allowed. Such a diet satisfied the daily vitamin A and riboflavin 
requirements as recommended by the Committee on Foods and 
Nutrition of the National Research Council,’ providing all the food 
proffered over a 24-hour period was ingested.'® All of the patients 
with an eye lesion received, besides the vitamins, such local therapy 
as atropine and heat. ¢ olored photographs of all lesions observed, 
as well as slit-lamp examinations of the corneal lesions, were made 
periodically. Greater detail as to the lesion characteristics are 
presented in the accompanying tables. 

Results. 1. Cheilosis. One® of us has prey iously reported nega- 
tive results in the treatment of 8 cases of cheilosis with riboflavin. 
Since then 5 additional cases have been so treated and with equally 
negative results. One of the patients (I). C.) also failed to respond 
favorably to subsequent separate courses of pyridoxine and_ of 
nicotinic acid and to the correction of a scorbutic state, but the 
lesion did heal when brewer's veast was administered. This patient 
had, in addition to the cheilosis, a purple-red tongue with enlarged 
papille and an ophthalmic lesion which also were refractory to 
riboflavin. Inasecond patient (IF. M.) the lip lesion remained unhealed 
during subsequent separate courses of pyridoxine and of ascorbic 
acid. She also finally responded favorably to brewer's yeast. The 
lesion of a third subject (A. L.), who also had a purple-red tongue 
with enlarged filiform papille, remained unhealed despite a sub- 
sequent course of pyridoxine, and healed only when the entire 
8 complex was supplied. The lesions in patients M. P. and R. G. 
healed promptly when brewer's veast was substituted for the ribo- 
flavin (Table 1). 


2.—Cases Or Pempuicus VULGARIS TREATED WitH RIBOFLAVIN 


Riboflay 
Age Duratic 
Sex Type of of lesions dose No. of 
Case Race pemphigus in mouth meg davs Response 
R 74 
M Acute 6 0 
W 
I K 50 
F Acute 3 30 14 0 
W 
1. B 79 
M Acute 1} 60 7 0 
W 
M.R 15 7 
Chronic 11 IS 14 0 
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2. Dermatitis. We have had no significant experience in the 
treatment of the lesions of the face that have been ascribed to a 
deficiency of riboflavin. The administration of riboflavin to 3 acute 
and to | chronic case of pemphigus, however, brought about no 
improvement in the character or decrease in the number of the 
lesions. The 3 patients with the acute form of the disease died 
while under observation (Table 2). 

3. Keratitis. The results of treatment with riboflavin in the 9 
patients with corneal lesions were disappointing (Table 3). Only 
one of them (T. B.) experienced permanent subjective improvement. 
and even in him no objective change was observed. Five patients 
(HL. N.T., M. C., M. H. and W. M.) at first showed temporary 
subjective and objective improvement but relapsed while the ribo- 
flavin therapy was continued. The cutaneous rosacea of the 5 
patients with rosacea keratitis was uninfluenced by the vitamin 
during its period of administration. 

1. Glossitis. Six patients with a purple-red or magenta-colored 
tongue and with flattened or mushroom shaped filiform papille 
were treated with riboflavin. One of these (D. C.) had in addition 
a cheilosis and a lesion of the eye. In none of them was the appear- 
ance of the tongue significantly altered by the administration of the 
vitamin; in 4 (P. B., R. G., B.S., D. C.) a return to normal occurred 
after brewer's yeast, and in | (A. L.) after pyridoxine was admin- 
istered. In the 6th (M. A.) an opportunity to observe the results of 
vitamin therapy other than riboflavin was not afforded (Table 4). 

Comment. In view of the successful results from the administra- 
tion of riboflavin in various clinical conditions reported by others 
we were disappointed to observe no significantly favorable response 
in our cases. The potency of the synthetic riboflavin that we used 
was indicated by the fact that it was effective in the prevention of 
alopecia in rats maintained on a B complex deficient diet. Further- 
more, it was the same preparation stated to be beneficial by other 
workers. That patients were absorbing or utilizing the material 
satisfactorily was answered by finding in all instances the char- 
acteristic fluorescence when the urine was exposed to ultraviolet 
light. Furthermore, because Johnson and Eckardt® noted that their 
cases of rosacea keratitis which failed to respond to riboflavin had 
achlorhydria, we administered dilute hydrochloric acid in all of our 
achlorhydric patients. The mechanism which accounts for the 
failure of the achlorhydric patient to absorb or utilize the vitamin 
is not clear. 

As to the adequacy of the dosage employed, the daily amounts 
regarded as effective by some of the other workers were as follows: 
in the treatment of cheilosis, 1 to 2 mg.,'7 3 to 5 mg.;*!" and in the 
treatment of ocular lesions, 3 to 5 mg.** None of our patients, how- 
ever, received less than 6 mg. daily, in divided doses, and if no 
response occurred within a week or two the dosage frequently was 
increased. 
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A critical examination of the reports on some of the cases in 
which a riboflavin cure has been claimed reveals that in several 
instances the conclusions as to specific etiology are scarcely justi- 
fiable. For example, evidence is gradually accumulating that the 
cheilosis is non-specific, since in some instances it appears to respond 
to riboflavin, in others to pyridoxine, nicotinic or ascorbic acid, and 
at times only to the entire B complex. Furthermore, some cases 
of cheilosis resist vitamin therapy of any type, and indeed the 
lesion has been reported as being due to sensitivity to the flavoring 
matter of chewing gum" as well as to the eosin dye in lipstick.‘ 

The réle of improperly fitting artificial dentures in the production 
of cheilosis requires evaluation. Fourteen out of our 23 patients 
with this lesion had both upper and lower plates. At first we were 
inclined to look upon such individuals as especially predisposed to 
a vitamin deficiency because of their inability to masticate such 
foods as meat. It is possible that a closer apposition of the upper 
and lower limbs of the lips at the angles of the mouth as a result 
of an absence of teeth or even after the prolonged wearing of arti- 
ficial dentures may predispose to the development of such a lesion. 
The discrepancies in the literature with regard to the dermatitis 
and the glossitis ascribed to riboflavin deficiency have already been 
referred to. Our series serves to emphasize the fact that certain 
cases, with the subjective and objective manifestations ascribed to 
riboflavin deficiency, do not improve when riboflavin is administered. 

Conclusion. ‘The conflicting data in the literature and our per- 
sonal experience with 20 cases of so-called ariboflavinosis with lesions 
of the lips, cornea and tongue usually ascribed to a deficiency of 
riboflavin make us doubt the validity of this syndrome. 
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RELATIVE ABSORPTION AND CONJUGATION OF 9 COMPOUNDS 
BY HUMANS DURING A 3-HOUR PERIOD* 


(FREE AND CONJUGATED BLOOD LEVEL DETERMINATIONS DURING 
A 3-HOUR PERIOD FOLLOWING PERORAL ADMINISTRATION OF 
THE ACID SALTS ALONE, THE ACID SALTS WITH SODIUM BI- 
CARBONATE, AND THE SODIUM SALTS OF SULFAPYRIDINE, 
SULFATHIAZOLE, AND SULFADIAZINE) 


By Etmer H. LovuGuuin, M.). 
Ricuarp H. Bennertr, M.D. 


Mary E. Fuanacan, B.S. 
AND 


SAMUEL H. Sprrz, M.D. 
BROOKLYN, N. Y. 


From the Department of Internal Medicine, Long Island College of Medicine) 


SINCE the introduction of the sulfonamide compounds, many 
studies on their absorption, excretion, and distribution in the 
tissues have been reported. However, with a few exceptions, in 
the studies on absorption as determined by levels which these sub- 
stances reached in the blood, observations have rarely begun before 
| hour after the administration by mouth.'! Sadusk and his col- 
laborators? have made observations as early as } hour. Blood level 
determinations in dogs have been made as early as 15 minutes after 
oral administration, but these were confined to the free drug, since 
it was stated that conjugation of the sulfonamide compounds 
occurred only slightly in dogs.* No determinations of both free and 

* This work was made possible by a grant from the Winthrop Chemical Company, 


nd the Dr. Frank E. West Fund, established by Miss Elizabeth Frothingham, and 


ie John C. Warren Memorial Fund, established by Dr. Luther F. Warren, in mem- 
ry of his son. 
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conjugated sulfonamides in the blood of human subjects have been 
made before } hour. It was felt, therefore, that it would be informa- 
tive to determine the time of appearance of the sulfonamides in the 
blood as free and possibly as conjugated forms after peroral admini- 
stration in humans. 

This article is devoted to the study of free and conjugated sulfona- 
mide levels obtained in the blood at 5-minute intervals during the 
first } hour and at 10 and 15-minute intervals during the remainder 
of the 38-hour period after the administration by mouth to human 
subjects of the acid and sodium salts of sulfapyridine, sulfathiazole, 
and sulfadiazine. 

Methods and Materials. The subjects were ward patients who were 
ill with various conditions or who had recently convalesced from acute 
illnesses. Ten subjects were used for each salt in the human series. They 
had not received any sulfonamide compound within 7 to 10 days before 
starting the experiment. They were fasted from supper of the evening 
previously; they did not receive any breakfast, and no fluids other than 
that which accompanied the administration of the drug were given. 

The acid salts were suspended in 4 ounces of tap water, making certain 
that the entire amount was given. These were given alone in single doses of 
tem., and in single doses of 4 gm. accompanied by an equivalent quantity 
of sodium bicarbonate. The sodium salts were dissolved in 4 oz. of tap 
water and were given in single doses of 4 gm. 

Blood was taken for determination of free and total sulfonamide at 
intervals of 5 minutes during the first } hour after administration, at 10- 
minute intervals during the second } hour, and at 15-minute intervals during 
the second and third hour. 

Determinations of the free and conjugated drug in the blood were carried 
out according to the procedure of Bratton, Marshall, and Litchfield, employ- 
ing in most instances a Klett-Summerson photoelectric colorimeter wtih 
a No. 54 filter. 

Observations. Blood concentrations in human subjects during 
a 3-hour period following peroral administration of single 4-gm. 
doses of the sulfonamide compounds. 

Sulfapyridine (Chart 1). Sulfapyridine was found in small 
amounts in the blood in 4 of 10 determinations, 5 minutes after the 
acid salt alone had been given, in 2 of 9 determinations after the 
acid salt with sodium bicarbonate, and in 7 of 9 determinations 
after the sodium salt had been given. 

At 5 minutes in 2 of the 4 determinations in those subjects 
receiving the acid salt alone, both free and conjugated forms were 
found in the blood. The conjugated form alone was found in 1 sub- 
ject given the acid salt with sodium bicarbonate and in 2 of those 
given the sodium salt. 

Within 20 minutes after administration, all subjects given the 
acid salt had determinable sulfonamide in the blood. In those 
given the acid salt with sodium bicarbonate, all had the sulfona- 
mide in the blood within 10 minutes, and in those receiving the 
sodium salt, the sulfonamide was present in the blood within 10 
minutes. 
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Sulfathiazole (Charts 2, 3, 4). Determinable amounts of sulfa- 
thiazole were present in the blood in 2 of 10 determinations 5 minutes 


after the acid salt alone had been given, in 4 of 10 determinations 


CuHartT 1.—Free blood levels of sulfapyridine after a single 4 gm. peroral dose of 
the sodium salt of sulfapyridine. 
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Cuart 2.—Free blood levels of sulfathiazole after a single 4 gm. peroral dose of the 
acid salt of sulfathiazole. 
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Fic. 3.—Free blood levels of sulfathiazole after a single 4 gm. peroral dose of the 
sodium salt of sulfathiazole. 


Cuart 4.—Average free and total blood levels of sulfathiazole after a single 
gm. peroral dose of the acid salt of sulfathiazole administered with 4 gm. of sodium 
hiearbonaté. Dotted line = free: solid line = total (free + conjugated). 
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after the acid salt with sodium bicarbonate had been given, and 
in 6 of 10 determinations after the sodium salt had been given. 
In 1 of the 2 determinations in 5 minutes of those subjects receiv- 
ing the acid salt alone, both free and conjugated forms were found 
in the blood. The conjugated form alone was found in the blood 
in 1 subject receiving the acid salt with sodium bicarbonate and 


in 2 of those given the sodium salt. 
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Cuart 5.—Free blood levels of sulfadiazine after a single 4 gm. peroral dose of the 
sodium salt of sulfadiazine. 


In all subjects given the acid salt alone there was determinable 
sulfonamide in the blood in 30 minutes and in all those receiving 
the sodium salt alone and the acid salt with sodium bicarbonate, 
all had sulfonamide in the blood within 15 minutes.* In 2 subjects 
determinable sulfathiazole was found at 2 minutes after administra- 
tion. It then disappeared and returned at 4 minutes and 10 minutes 
respectively. In the latter subject, no blood specimens were obtained 
from the 5-minute interval to the 10-minute interval. In 2 other 
subjects, free sulfathiazole was found at 3 minutes after the initial 
dose. 

Sulfadiazine (Charts 5, 6, 7, 8). Sulfadiazine in small amounts 
was present in the blood in 4 of 10 determinations made 5 minutes 
after the acid salt alone had been given, in all of the 10 determina- 
tions after administration of the acid salt with sodium bicarbonate, 
and in 7 of 9 determinations after the sodium salt had been given. 

In those subjects receiving the acid salt alone, both the free and 
conjugated forms were found in the blood in 3 of the 4 determinations 

* In several subjects at the start of this study, determinations were made of the 
free levels reached in the blood at }-minute intervals for the first 5 minutes after 
administration of a single dose of 4 gm. of sodium sulfathiazole In 1 subject, a 
determinable amount of sulfathiazole appeared in the blood within 1 minute after 


administration Blood taken at minute intervals for the next 4 minutes revealed 
no free sulfathiazole 
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inade. In those subjects receiving the acid salt with sodium bicar- 
honate, the conjugated form alone was found in 3 and both con- 
jugated and free forms in 3.) In those to whom sodium salt was 
administered, the free and conjugated forms occurred but once. 


me% 
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Cuarr 6.—Average free and total blood levels of sulfadiazine after a single 4 gm. 
peroral dose of the acid salt of sulfadiazine. Dotted line = free; solid line = total 
Iree conjugated 
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Cuart 7.—Average free and total blood levels of sulfadiazine after a single 4 gm. 
peroral dose of the acid salt of sulfadiazine administered with 4 gm. of sodium bicarbo- 
t 
nate. Dotted line = free; solid line = total (free + conjugated). 
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Cuarr &8.—Average free and total blood levels of sulfadiazine after a single 4 gm. 
peroral dose of the sodium salt of sulfadiazine. Dotted line = free; solid line = 


total (free + conjugated). 


All subjects who were given the acid salt presented determinable 
sulfonamide in the blood within 15 minutes; whereas, in those 
receiving the acid salt with sodium bicarbonate, the sulfonamide 
was present in every instance within 5 minutes; and in those given 
the sodium salt it was present In all instances in 10 minutes. 
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TABLE 1.— RESULTS 
Blood Concentrations in Human Subjects During the 3-hour Period Following 
Peroral Administration of Single 4 Gm. Doses of the Sulfonamide Compounds 


Percentage of determinations showing drug 


in blood at 5 minutes as 


Free Free and 
ilone conjugated Conjugated Minutes* 
Sulfapyridine 10 20 10 10 20 
Sulfapyridine with sodium 
bicarbonate 0 11 1 10 
Sodium sulfapyridine 50 0 20 70 10 
Sulfathiazole 10 10 0) 20 30 
Sulfathiazole with sodium bi- 
carbonate 20 10 107 15 
Sodium sulfathiazole 10) 0 2) 60 15 
Sulfadiazine 10 30 0 10) 15 
Sulfadiazine with sodium bi- 
carbonate 4() 30 30 100 5 
Sodium sulfadiazine 55.5 22.2 0 77.7 10 
* 


Period after administration when all subjects had demonstrable drug in blood 
stream. 
+ Total level of drug was not obtained in one instance. 


Fluctuations in the blood levels occurred in many of the subjects 
receiving the acid salts with sodium bicarbonate. This was par- 
ticularly true in those receiving sulfadiazine and_ sulfathiazole. 
Wider fluctuations occurred with those receiving the sodium salts. 
This was especially marked in the case of sodium sulfadiazine. 
This would indicate that absorption of these three sulfonamides 
in an alkaline medium is anything but regular. 

Summary and Conclusions. [xperiments on man were made 
relating to the absorption of the acid and sodium salts of sulfa- 
pyridine, sulfathiazole, and sulfadiazine, as evidenced by blood 
levels obtained at short intervals during a 3-hour period following 
administration. 

The acid and sodium salts of sulfapyridine, sulfathiazole, and 
sulfadiazine were rapidly absorbed from the gastro-intestinal tract, 
presumably from the stomach, as evidenced by their appearance in 
many instances as early as 5 minutes after peroral administration. 

The absorption of the acid salts apparently is favored by simul- 
taneous administration of an equal amount of sodium bicarbonate. 
The absorption of the sodium salt, as demonstrated by blood levels 
obtained, was more rapid and greater than the absorption of the 
acid salt alone or the acid salt with sodium bicarbonate. 

The absorption of the acid salts with sodium bicarbonate and 
the sodium salts of these 3 sulfonamide compounds, as evidenced 
by fluctuating blood levels obtained at short intervals during the 
3-hour period after administration, was irregular as compared to 
the absorption of the acid salts when given alone. 

Conjugated forms were present in the blood as early as 5 minutes 
after peroral administration of the acid and sodium salts of these 
sulfonamide compounds; in some instances being the only form 
present. 
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Conjugation was more marked when the acid salts of sulfa- 
pyridine and sulfadiazine were administered with sodium bicar- 
bonate, than when their respective acid salts were given alone. 

There was less conjugation when the acid salt of sulfathiazole 
was given with sodium bicarbonate than when the acid salt alone 
was given. 

The average degree of conjugation was greater when the sodium 
salts of sulfapyridine, sulfathiazole, and sulfadiazine were given 
than when their respective acid salts alone, or the acid salts with 
sodium bicarbonate were given. 

We wish to express our appreciation to Dr. Tasker Howard for his careful criticism 


and suggestions throughout this study 
We wish to thank also Mr. Sidney M. Karlton for his coéperation in our study. 
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THE OCCURRENCE OF ABNORMAL CAPILLARY FRAGILITY IN 
THE NEWBORN* 


By Wittram Curry Mooney, M.)). 
ASSISTANT PROFESSOR OF MEDICINE, TUFTS COLLEGE MEDICAL SCHOOL, 
BOSTON, MASS. 


‘Tue hemorrhagic disorders in the newborn have been the subject 
of renewed and intensive investigation since the development of 
improved methods for the study of prothrombin and the discovery 
of vitamin kK. However as Quick’ has pointed out, for abnormal 
bleeding to occur there must not only be an interference with the 
coagulating mechanism of the blood but also a break in the vascular 
integrity. Recently MacFarlane’ has emphasized the vascular 
factor in hemostasis, stating that in hemorrhagic diatheses the 
bleeding tendency may be due to a combination of clotting and 
capillary defects. Since hemorrhagic tendencies and lowered pro- 
thrombin levels usually develop within the first week of neonatal 
life, this preliminary investigation was undertaken to determine if 
ibnormal capillary fragility also occurred during this period. 


* Read before the John Taylor Bottomly Society of the Carney Hospital, South 
Boston, Mass., April 7, 1942. 
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Methods and Material. The capillary resistance was studied in 55 new- 
born infants, consisting of a random mixed group of house and private 
cases. The method and instrument used were those of Dalldorf,* the 
resistometer being attached to a negative pressure suction pump. Readings 
were made at —10, —20, and —30 em. Hg. The back of the infant was 
exposed and gently sponged with aqueous Zephirin and allowed to remain 
moist. The glass suction cup was applied and, after one minute of suction, 
the petechiz in the circle 1 cm. in diameter were counted. Care was taken 
to use a different area of the back, so that the tests were not superimposed 
at subsequent determinations. Tests were carried out within the first 
24 hours and then every day until the fourth day. If negative, no further 
determinations were made; otherwise tests were repeated until the eighth 
day. 

In the present study the following criteria were observed for grading 
capillary fragility: 

0—no petechiz. 


+—] or 2 petechiew at —20 and —30. 
+--+ —5 to 10 petechie at —20 or —30, or 1 to 2 petechiz at — 10 
+-+-+—over 10 petechiew at —20 or over 2 petechie at —10. 


+-+-+-+—large numbers of petechie or free bleeding. 


Comment. ‘There have been valid objections to the use of this 
type of capillary fragility test; but in spite of imperfections, it 
offers the only procedure clinically available at present for this type 
of study. Comparatively little has been done on the study of capil- 
lary fragility in the newborn and there exists a wide divergence of 
opinion as to what normal findings are in childhood and in adults 
even when the same method is used. Thus Dalldorf* states that, 
using the suction method, capillary resistance is normally between 

30 and —40 em. Hg. no matter what the age group. 

In 1936 Abt ef al.,! in a study on the relationship of vitamin C and 
capillary resistance, stated that ‘‘the skin of these newborn babies 
was ruddy, and petechiz, or diffuse reddening of the skin, was not 
noted under 500 mm. of negative pressure.” However, the tests in 
their report were made with a different type of apparatus (Cutler 
and Johnson), and there were apparently only 6 infants under 
6 days of age tested; the voungest was 3 days old. Recently Brown" 
and Wasson, using Dalldorf’s technique in children, indicate that 
one or two petechie occurring with the pressure below —15 cm. 
constitute a positive test. 

The authors quote Abt and his co-workers, as does Dalldorf, to 
the effect that the newborn infant has an unusually high capillary 
resistance, a finding which is not consistent with the observations 
in this study. 

Results. l)espite reports in the literature indicating increased 
capillary resistance in the newborn, it was discovered that of this 
group of 55 infants only 22 showed no capillary fragility. Nine 
infants showed slightly positive tests; 12 had moderately severe. 
S severe, and 4 very severe reduction of capillary resistance (Chart 1 

Of even greater interest was the observation that the tendenc) 
to abnormal capillary fragility in these infants progressively de 
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Cuart 1.—Capillary fragility in the newborn 
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Cuart 2.—Capillary fragility in the newborn 
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creased postnatally, both qualitatively and quantitatively. Thus, 
there was a definite decline from a total of 56% positive tests of all 
degrees within the first 24 hours to a total of only 16% mildly 
positive tests after the fourth postnatal day. (See Chart 2.) 

Discussion. (iross trauma is an obvious cause of vascular injury, 
but trauma may be a relative term; even normal functional pressure 
can produce capillary disruption if there is underlying weakness of 
the vascular endothelium. It is possible to tabulate many extrinsic 
and intrinsic factors which may damage the capillary wall: deficiency 
of vitamins C and P, the action of various capillary toxins, the type 
of skin, the platelet level, and prematurity of the infant should be 
considered. (See Table 1.) 

1.—PorTentTiaL Causes OF DECREASED CAPILLARY RESISTANCE 
IN THE NEWBORN 


I. EXTRINSIC. 
\. General 
1. Seasonal changes. 


2. Temperature. 


3. Barometric pressure. 
B Vaternal. 
1. Prenatal 
a. Deficiency of vitamins C and P. 
b. Toxins, chemical, bacterial, nephrotoxins. 
2. Parturition. 
a. Analgesia 
h. Anesthesia. 
c. Duration of labor and type of delivery. 
II. INrrRinsic (infant 
1. Prematurity. 
2. Type of skin. 
3. Hereditary or congenital capillary defects 
4. Thrombocytopenia. 
5. Anoxemia. 


However, the greatest interest centers about the process of par- 
turition, and it is evident that the amount and kind of analgesia 
and anesthesia, the duration and character of labor, and the manner 
of delivery are factors of paramount importance in the potential 
production of abnormal fragility in the newborn. Information 
about the mother’s age, parity, diet, and occurrence of toxemia, as 
well as data concerning the process of parturition, was obtained in 
this small series of cases. Although these data were not sufficient 
to permit an evaluation of the various factors, it is interesting to 
note that the duration of labor for the infants with severe and very 
severe capillary fragility averaged 14 hours, while the duration of 
labor for the moderate, slight, and negative groups was on the 
average approximately 5 hours. With few exceptions, the patients 
in this series had some analgesia and anesthesia, and it is obvious 
that more drugs and anesthesia were required in the group with 
prolonged and difficult labors. 

It is possible that analgesic and anesthetic agents may have a 
direct toxic effect on the capillary endothelium, but it is far more 
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likely that the combined effects of labor, analgesia and anesthesia 
result in anoxia in the infant. 

(litford® states that the effect of oxygen lack on the smaller 
cerebral vessels is to increase the fragility of the vessel wall and to 
produce actual leakage of red blood cells and even small hemorrhages. 
Nygaard® points out that once failure of the capillary defense has 
initiated bleeding, the clotting mechanism, defective due to lack of 
prothrombin, may permit hemorrhage to continue and become 
clinically significant. Therefore, findings in this preliminary report 
of abnormally low capillary resistance in a number of infants during 
the period in which hypoprothrombinemia and hemorrhagic dis- 
orders occur most frequently may have a relationship to abnormal 
bleeding in the newborn. 

Summary and Conclusions. |. In a preliminary study of capillary 
resistance in the newborn, of 55 infants, 33 (6067) showed more or 
less abnormal capillary fragility. 

2. This decreased capillary resistance disappeared as the infants 
became older. 

4. Various factors influencing permeability of the capillary wall 
are outlined, and the possible relationship of abnormal capillary 
resistance to hemorrhagic disorders in the newborn is postulated. 

hanks are extended to Louis Phaneuf, M.D., Chief of the Obstetrical and Gyne- 


cological Service, and Paul Jakmauh, M.D., Chief of the Pediatric Service at the 
Carney Hospital, South Boston, Mass., for permission to carry out this study 


REFERENCES 


1. Apr, A. F., Farmer, C. J., and Epsrern, I. M.: J. Pediat., 8, 1, 1936. 
2. Brown, E. E., and Wasson, W. P.: J. Pediat., 18, 328, 1941. 
3. Crirrorp, 8S. H.: J. Pediat., 18, 567, 1941. 
+. Datuporr, G.: Am. J. Dis. Child., 46, 748, 1933. 
5. MacFartane, R.G.: Quart. J. Med., 10, 1, 1941. 
6. NyGaarp, K. K.: Hemorrhagic Disease: Photo-electric Study of Blood 
igulability, St. Louis, C. V. Mosby Company, p. 196, 1941 
Quick, A. J. Am. J. Mepb. Scr., 199, 118, 1940. 


BILATERAL PARTIAL BUNDLE BRANCH BLOCK* 


By SIpNEY Strauss, M.D. 
AND 


Ricnarp LANGENDORF, 
CHICAGO, ILL. 


From the Cardiovascular Department, Michael Reese Hospital) 

‘THERE are only a few cases on record of sinus rhythm with intra- 
entricular block in which the type of the ventricular complex varied 
etween the common and uncommon bundle branch block types 
Vinterberg;’ Barnes and Yater;! Stenstrém;’ Grassberger? Katz, 


\ided by the A. D. Nast Fund for Cardiovascular Research. 
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Hamburger and Rubinfeld;? Mortensen®). On this account. it 
seemed worthwhile to report such a case seen recently, and to dis- 
cuss the mechanism of the disturbed intraventricular conduction. 


Case Report. This 58-year-old male was first seen by one of us (S. 3.) 
in June, 1939, shortly after he had had a momentary fainting spell. On 
physical examination the heart was found to extend 3.5 cm. to the right and 
12 em. to the left of the midsternal line. There was a systolic murmur at 
the apex and over the aortic area. The aortic second sound was accentu- 
ated and ringing. At times there was a diastolic gallop rhythm. The 
pulse rate was 48 and during the examination changed to 108 on taking 
a deep breath. The blood pressure was 180,80 and changed to 174/104 
when the pulse became rapid. The liver was palpable 2 fingers’ breadth 
below the costal margin. There was a marked arcus senilis. 

The probable presence of heart block raised the question of a recent 
coronary occlusion involving the branch supplying the bundle of His, and 
the patient was sent to the hospital at once. The physical findings in the 
hospital were the same as in the office. The electrocardiogram taken on 
entrance showed a rate of 107, a bundle branch block of the uncommon type, 
a P-R interval of 0.20 second. Records taken on subsequent days showed 
some minor changes—not enough, however, to warrant the diagnosis of a 
recent myocardial infarction. Nevertheless, he was treated as such and 
kept in bed in the hospital and at home for 5 weeks. His course was 
uneventful except for a mild recrudescence of his gout. The temperature 
was normal throughout. There were 13,550 leukocytes with 69°; poly- 
morphonuclear cells. The blood pressure varied from 190/130 on entrance 
to 155/100 on discharge. The Wassermann reaction was negative. The 
urine was normal. 

On 7-17-39 the patient returned to his office. On 7-21-39 the findings 
on physical examination were about the same as before, except that there 
were no murmurs at the apex and no gallop rhythm. The physical findings 
remained unchanged until his death on 3-11-40. He never seemed to 
regain his strength although he was able to work up to 1-25-1940. He 
continued to have attacks of dizziness and fainting at long intervals, some 
while sitting in his office, some while walking in the street. 

On 1-25-40 one of us (S. 8.) was called to his home because of fainting 
spells which had started in his office and continued in his home. He was in 
bed, having had a‘series of convulsions, probably 20 or 30 in number which 
varied in duration from a few seconds to several minutes, giving rise to 
queer sounds and at times to vomiting and were associated with uncon- 
sciousness. He was given 1 ec. of 1: 1000 adrenalin hydrochloride by hypo- 
dermic injection and in 15 to 20 minutes his pulse resumed its usual regular 
rhythm. After a few days in bed, he attempted, on advice, to sit up but 
the dizzy spells recurred on the least exertion. For the first time on 2-24-40 
his slow pulse lasted long enough to get an electrocardiogram. This showed 
the A-V heart block. He was given ephedrine sulphate, gr. 2 t.i.d., and 
for a week he was apparently much improved. Early in the morning of 
3-11-40 he was heard groaning, the nurse found him unconscious and he 
died before medical aid could reach him. 

Although the original diagnosis of a recent coronary occlusion was made, 
the subsequent course and the electrocardiographic findings did not cor- 
roborate this. The picture was more that of coronary sclerosis with grad- 
ual narrowing especially of the branches going to the bundle of His and its 
divisions. The usual picture of angina on effort was replaced by that of 
paroxysmal heart block on effort associated with Adams-Stokes syndrome. 
Death was due to the marked narrowing or final complete occlusion of these 
branches involving A—V conduction and not to the more usual infarction. 
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It is of interest that an older brother died of a similar disease involving 
the conduction system which led to heart block with Adams-Stokes syn- 
drome for several years. A younger sister died with a typical myocardial 
infarction. 

Autopsy Report. (Dr. OttoSaphir.) Pathologic Diagnosis. Marked coro- 
nary sclerosis with occlusion of the anterior descending branch, the ramus 
septi fibrosi, and narrowing of the ramus anterior ventriculi sinistri, and 
ramus marginis obtusi. Marked fibrosis of the myocardium. Slight nar- 
rowing of the ostium of the right coronary artery. Hypertrophy of the 
heart (slight —left and right ventricles). Chronic passive hyperemia of the 
liver, spleen and kidneys. Fibrosis of the spleen. Moderate emphysema 
of the lungs. 

The heart weighs 400 gm. The epicardium and endocardium are smooth 
and glistening. The base of the mitral valve is somewhat thickened and 
presents several grayish-yellow plaques. The remainder of the valvular 
apparatus presents no abnormality. The myocardium of the left ventricle 
measures 1.3 em. in thickness, that of the right ventricle 0.2 em. at the 
pulmonic orifice, 0.1 to 0.2 em. at the tricuspid, and 0.1 cm. at the left 
lateral margin. The epicardial fat in some areas is not sharply demarcated 
from the myocardium of the right ventricle. Both ventricular cavities are 
somewhat dilated. The lining of the coronary arteries is covered by 
numerous single and confluent grayish-yellow plaques. These have pro- 
duced partial occlusion of the anterior descending branch 1 em. from its 
origin and complete occlusion 4 em. from its origin. Some narrowing is 
present at the point of bifureation of the anterior descending and left cir- 
cumflex branches. Further partial occlusions are noted throughout the 
left circumflex branch, ramus anterior ventriculi sinistri, and ramus marg- 
inis obtusi. The mouth of the right coronary artery is somewhat nar- 
rowed by sclerotic plaques. At the posterior crux the mouths of several 
arteries emanating from the right ventricle are completely occluded. 
Among these is probably the ramus septi fibrosi. The ascending portion 
of the aorta presents only a minimal number of plaques. These increase in 
number and maximally involve the lumbar portion of the aorta. 

Microscopic Examination of the Heart. There is a diffuse slight to mod- 
erate increase in connective tissue throughout the myocardium. In addi- 
tion there is a moderate invasion of fat tissue in some sections of the myo- 
eardium. The variously sized coronary arteries show moderate intimal 
thickening, vacuolization, degeneration and fibrosis. Septum: there is a 
marked increase in connective tissue throughout the myocardium. The 
arteries, small and large, show slight to moderate intimal thickening. 
Special muscular tissue: there is a diffuse slight to moderate increase in 
connective tissue throughout the A-V node, the A-V bundle, and the left 
arborization. In addition there are moderate to marked degenerative 
changes throughout the A-V bundle, the number of nuclei being less than 
is normally seen, and some fibers showing marked vacuolization (more than 
normally seen) with dissolution. Large fat vacuoles are present through- 
out the special muscular tissue. The fibers of the left and right arboriza- 
tion stain irregularly. Some of the nuclei are pykiuotic and their cytoplasm 
very eosinophilic. Brown pigment granules are noted in many of the fibers. 
lwo moderately sized arteries course through the A-V node, and one of 
these continues through the A-V bundle. Both of these are moderately 
narrowed by thickening of the intima. 

Description of the Electrocardiograms. ‘The records are shown in Figures 
|to4. There is a sinus rhythm in all records, the sinus rate being 88, 86, 83 
and 75 respectively. The P wave contour varies between records, the 
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P—R 0.21 second. QRS duration 0.16 second. Uncommon 
e of intraventricular block. 2-7-40 


Second degree A-V block varying from 2:1 in Lead I 
The direction of QRS has changed completely, the commo1 
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most marked change being in the record taken on 2-26-40 (Fig. 3) where 
the P wave is of lower amplitude in I and I]. The QRS measures 0.16 see- 
ond in all records but its direction changes in the several records: the first 

Fig. 1) and last (Fig. 4) record show the uncommon type of intraventricular 

block, the second (Fig. 2) and third (Fig. 3) record the common type of 
intraventricular block, but the second record differs from the third in its 
contour, QRS, being lower in amplitude and W in shape. The first and 
last record (with uncommon intraventricular block) show a P-R interval 
at the upper limit of normal (0.21 second), the second and third record 
with common intraventricular block) show a second degree A—-V_ block 
varying from 2:1 to 3:1. 


IV; 


iG. 3.— Sinus rhythm. Second degree A—V block varying from 2:1 in Lead I to 3:1 
the other leads. Common type of intraventricular block. 2-26-40. 


Discussion. While intraventricular block is frequently regarded as 
involving only one bundle branch, actually it may involve both. 
When thorough histologic examination of the conduction system in 
cases of intraventricular block is made, both bundle branches are 
usually found to be involved (Mahaim;! Yater, Cornell and Clay- 
tor;'' Yater'’). This would suggest that bilateral involvement 
might be more frequent than hitherto expected. 
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If complete* block is present in both bundle branches, complete 
A-V block results and the ventricles are controlled by an idio- 
ventricular pacemaker. This mechanism cannot be distinguished 
from other forms of complete A-V heart block due to a lesion of the 
conduction system above the bifurcation of the common bundle. 
The difficulty in distinguishing the degree of conduction disturbance 


Fig. 4.—Sinus rhythm with 1:1 conduction. P-R 0.21 second. Uncommon 
type of intraventricular block. The record resembles the first record with 1:1 
conduction (Fig. 1). 2-27-40. The streaks at the bottom of the record in Lead III 
at the time QRS is inscribed are artefacts. 


present in involved bundle branches is shown by the experiments of 
Wilson and Herrmann,* who found that partial block in one of the 
bundle branches of the dog’s heart causing a delay in conduction 
of 0.04 second or more led to an electrocardiogram indistinguishable 


* The terms ‘‘complete’’ and “ partial’’ bundle branch block are used in the same 
sense as in A-V conduction, indicating absent response, or intermittent, or delayed 
response to the impulse respectively. They do not, and cannot, refer to the cross- 
section of the damaged bundle branch system. The misleading term “incomplete”’ 
bundle branch block is avoided. 
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from that seen after complete interruption of the same bundle 
branch. When complete interruption of one bundle branch was 
followed by temporary damage to the other branch,® the configura- 
tion and duration of QRS remained unchanged from its appearance 
after complete interruption of the first bundle branch, and, in addi- 
tion, A-V block appeared. Scherf and Shookhoff,’ by cutting one 
bundle branch and compressing the other between its upper and 
middle third, were able to produce various degrees of A-V_ block 
ranging from simple prolongation of the P-R interval to marked 
second degree or transient complete block. Thus, if complete block 
is present in one bundle branch system and partial block in the other, 
one might expect some evidence of impaired A-V conduction in 
addition to a prolonged QRS, since the P—R interval includes the 
time for the transmission of the impulse through the main bundle 
branches. A third possibility is partial block of both bundle 
branches. ‘This will lead to a slight increase of the A~V conduction 
time or to a more marked degree characteristic of A-V block for 
the reason just mentioned. However, QRS will not necessarily be 
prolonged, providing the difference in delay in conduction via the 
two bundle branch systems is below the critical value. Only if this 
difference measures more than the critical value, 0.04 second in the 
dog, can the electrocardiogram be expected to be that of “ complete”’ 
bundle branch block. The electrocardiographic type of bundle 
branch block will be determined by the refractory phase of the two 
bundle branch systems. 

It is thus apparent that it may not be possible to determine 
whether a tracing with partial A~V block and a QRS of more than 
().12 second duration indicates (a) bilateral partial bundle branch 
block, (6) complete blockage of the impulse in one bundle branch 
system plus partial block in the other, or (c) unilateral branch 
involvement (partial or complete) plus additional properly located 
involvement of the common bundle or the A—V node. 

The case here reported changed intermittently from the common 
to the uncommon type of intraventricular block, thus indicating 
the ability of either bundle branch system to transmit the impulse. 
Therefore, on the basis of the above discussion, the case would 
appear to fall into the category of bilateral partial bundle branch 
block. 

The path taken by the impulse is determined by the duration of 
the relative and absolute refractory phase of the conducting tissue. 
In the two regions of block (A and B) assumed to exist in our case, 
the one (A) having a longer period of absolute refractoriness than 
the other (B) is assumed to have a much shorter period of relative 
refractoriness. An impulse arriving late enough to be conducted 
through to the ventricles is therefore conducted through region A 
with less delay than through region B with the shorter absolute 
refractory period. In our case it would appear that when every 
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auricular impulse got through to the ventricles (1:1 A-V conduc- 
tion), the bundle branch system, presumably the right, which gives 
rise to the uncommon type of bundle branch block, was in a state 
of absolute refractoriness; and the impulse was conducted to the 
ventricles along the left bundle branch, which was only relatively 
refractory. However, when 2:1 or 3:1 A-V block was present as 
a result of additional block above the bifurcation of the common 
bundle, the impulse reached the bundle branch systems when they 
had both passed the state of absolute refractoriness but still were 
relatively refractory. Under such circumstances the bundle branch 
system, presumably the left, which gives rise to the common type 
of bundle branch block showed the greater refractoriness and hence 
the greater delay in conduction. The impulse, therefore, was con- 
ducted to the ventricles along the right bundle branch system and 
the common type of bundle branch block appeared in the electro- 
cardiogram. 

This explanation accounts for the findings observed in our case 
and can be readily applied to other cases in the literature. This 
analysis illustrates again how simple knowledge of the physiologic 
properties of the heart can be applied to account for seemingly 
complex arrhythmias. This interpretation indicates that cases like 
this can be taken as clinical evidence supporting the anatomic 
observation of the frequent involvement of both bundle branch 
systems. 

Summary. A case is reported of sinus rhythm with intraventricu- 
lar block showing variations of the ventricular complexes between 
the common and uncommon types. This change is associated with 
the occurrence of advanced partial A~V block. The alternations 
are explained by assuming partial block in the two main bundle 
branch systems with a shorter relative refractory phase of the 
bundle branch which has the longer absolute refractory phase. 

We are indebted to Dr. L. N. Katz for suggestions and advice in preparing this 


report 
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THE PREDICTABILITY OF THE CHARACTER (INCREASED OR 
NORMAL) OF THE ERYTHROCYTE SEDIMENTATION 
RATE. 


A SURVEY OF 1000 CASES 


By Joun D. Jr., M.D. 


SENIOR RESIDENT IN MEDICINE, HOSPITAL OF THE UNIVERSITY OF PENNSYLVANIA, 
AND ASSISTANT INSTRUCTOR IN MEDICINE, UNIVERSITY OF PENNSYLVANIA, 
PHILADELPHIA, PA. 


AvruouGH Galen knew nothing of the red blood cells or their 
sedimentation, he did recognize the “crusta phlogistica”’ as an 
evidence of disease. This same phenomenon of an increased buffy 
layer of clotted blood came to the fore again in the ISth century 
when it was called “the size.” It was used as an indication for 
further bleeding, a fact which by itself helps to explain the excesses 
of the phlebotomists of that day as due to the vicious circle estab- 
lished between anemia and more rapid sedimentation. By 1772, 
Hewson had discovered the main facts about red cell sedimentation 
and its increase in disease. With all this knowledge, however, over 
a century had to pass before, in 1918, Fahraeus’ discovered the 
increased sedimentation rate in pregnancy and put the matter on 
a quantitative scientific basis. Since then, some 2500 articles have 
been written on the sedimentation rate and it would seem that the 
last word should have been said. However, it appears that after 
the long vears of neglect the method is now perhaps being used 
too routinely. The present study has been carried out to learn 
whether the routine use of the test in general medical practice is 
justifiable, or whether its use should be limited to certain situations 
in which perhaps it should be repeated more often. 

The literature of the past 25 vears has stressed certain aspects 
of the use of this phenomenon in diagnosis, prognosis, and therapy. 
Cutler has stressed the point that the sedimentation rate is a non- 
specific phenomenon; indicates the presence of tissue destruction, 
and gives an index of the degree of systemic reaction to the disease 
present. He states that it has two chief values: 1, as a lead to the 
presence of tissue destruction, and 2, as a gauge of its severity. 

The use of the sedimentation test has been advocated in many 
ind various pathologic conditions. Cutler,’ in 1926, advocated 
ts use to determine the activity of a tuberculous process; in 1932, 
reporting on observations on 5000 patients, he concluded that the 
edimentation rate served its purpose as an indicator of the presence 

f organic disease. Schattenberg,'® also in 1932, suggested its use 
s a test in routine life insurance examinations. Gallagher,’ in 

34, advocated its use as a valuable aid in routine yearly health 
xaminations of school children. J. B. Stokes*! suggested that the 
edimentation rate may replace the Schilling index as an indication 
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of pathologic activity. Westergren® advocated its use the 
prognosis and therapy of diseases. Agnor,' in 1940, advocated its 
use as a routine diagnostic procedure and believed it to be of value 
equal to the Wassermann reaction, blood count, and urinalysis. 
Shillito, Chamberlin and Levy,'® in 1942, claim the sedimentation 
rate to be the most important aid in the diagnosis of coronary occlu- 
sion. 

Weil, Smith, King and Wootton,” however, believe the usefulness 
of the sedimentation rate has been overrated in arthritis. Peterman’ 
regards one determination as of little value in diagnosis or prognosis, 
but serial determinations of great value in following the course of 
diseases. 

There has been much debate as to the necessity of correcting 
results in the presence of anemia. Rourke and Ernstene,'’ in 1930, 
finding an inverse relationship between the rate of settling and the 
volume percentage of the red blood cells, plotted the sedimentation 
curves of blood from the same individual after the cell volume % 
was adjusted to different levels. From these, they derived curves 
for correcting the sedimentation rate for the volume percentage of 
packed red blood cells. Bouton,? in 1938, stated that correction of 
the sedimentation rate for anemia is unnecessary, but that the 
unmodified curve is a valuable diagnostic aid when correlated with 
other findings. Cutler, Park and Herr,’ in 1935, found the rate of 
erythrocyte sedimentation to be directly dependent upon the size 
of the rouleaux formed, and that the rate of sedimentation was a 
property of the plasma rather than of the cells. They divided the 
sedimentation phenomenon into the phases of aggregation, settling, 
and packing; and pointed out that the second or settling phase is 
the important one. The anemia factor was prominent only in the 
terminal or packing phase. They found that blood which had a 
normal or slow settling rate showed only a slight increase in the 
rate of settling and formed only slightly larger rouleaux after the 
removal of portions of the cells. 

Of other general considerations, agreement is unanimous: 1, “‘that 
the glassware must be clean;"’ 2, the tube must be absolutely verti- 
cal; 3, the test must be done within 3 hours after collection of the 
blood; 4, the temperature should be between 20 and 25° C.; 5, the 
tubes must be of a uniform and equal diameter, greater than 2.5 mm. 

The anticoagulant used by Cutler® is sodium citrate 0.1 cc. of 
3% solution per 0.9 cc. of blood. The dry mixture of 4 mg. of potas- 
sium oxalate and 6 mg. ammonium oxalate is advocated by Heller 
and Paul!® as being almost similar to heparin in its action. 

The components of plasma which govern the rate of erythrocyte 
sedimentation have been investigated by many authors. Ham and 
Curtis’ found a direct correlation between the blood fibrinogen 
content and the rate of sedimentation. There is a slight relation 
between the blood cholesterol and the sedimentation rate. 
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‘There are 3 techniques in use. 1, The Linzenmeier™ method, in 
which the time required for the erythrocytes to settle 18 mm. is 
determined. 2, The Westergren** method, in which the millimeters 
of sedimentation in | hour is determined. 3, The Cutler’ method 
in which the level of the settling erythrocytes is read at 5-minute 
intervals for | hour and recorded graphically. 

The accuracy of the test in indicating the presence of tissue 
destruction has been reported to be very high. In Cutler’s* series 
of 5000 cases, there was a discrepancy between the sedimentation 
rate and the clinical status of the patient in only 5 cases. Yates 
and Davidow® describe an accuracy of 91.4% in 6000 tests. Polak 
and Tollefson" state: “The sedimentation test never lies.” 

In individual diseases, the sedimentation rate has been described 
as being increased in tuberculosis, rheumatic fever, pelvic inflam- 
matory disease, coronary infarction, active syphilis, gonorrheal 
and atrophic arthritis, malignancy, hyperthyroidism, and any 
process in which tissue destruction or chronic infection exists. 

It has been described as being questionably increased in chronic 
sinusitis, dental infection, and tonsillitis.” 

It has been found to be increased in patients with long-standing 
diabetes,'! but not in older patients with no disease." 


Method. Our series of records has been reviewed in an attempt to 
determine the predictability and usefulness of the sedimentation test as 
used on the medical service of the University Hospital. 

The records of 1000 consecutive patients, on whom a sedimentation 
rate was determined, were reviewed. In order to obtain this number, we 
reviewed the records of 3019 patients admitted during the period of August 
1, 1939 to April 1, 1942. Since many patients were admitted more than 
one time during the period surveyed and were counted but once in the 
series, the sedimentation rate is being performed in approximatety 40°; 
of our patients. 

The number of rates performed on each patient varied from 1 to 12. 

The sedimentation rate was determined by one of two techniques: 
1, 64.3°, were obtained by the original Cutler® technique; 2, 35.7% were 
determined by a modified Rourke-Ernstene'’ technique using the oxalate 
mixture of Heller and Paul!® as an anti-coagulant, with a correction for 
the packed cell volume by use of a nomogram constructed by Dr. Richard 
Singer and Dr. Nelson K. Ordway” from the curves of Rourke and Ernstene. 

These patients were grouped according to age with extremes of 11 and 
85 vears. Two hundred forty-three were between 11 and 30 years, 208 from 
31 to 40, 203 were from 41 to 50, 187 from 51 to 60, and 159 were over 61. 

The records of these patients were analyzed and a prediction of the 
character of the sedimentation rate was made from the history and physical 
examination. This prediction was whether the rate would be increased or 
normal. The sedimentation rate was then compared with the final diag- 
nosis and a decision made as to its help in therapy in each instance. 


From this survey we were able to predict the nature of the 
sedimentation rate in 943 cases (Table 1). Of this number, in 
173 cases (Table 2) the sedimentation rate was not only predictable, 
but confirmatory in regard to the final diagnosis, and also acted as 
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a guide to therapy in the case. In 770 cases, it was both predictable 
and confirmatory, but had no effect on the treatment of the patient. 


TABLE 1 PREDICTABILITY OF THE CHARACTER OF THE SEDIMENTATION RaAtTE 
INCREASED OR NORMAI 


No. of 
cases ¢ 
Sedimentation rate predictable 943 94.3 
Sedimentation rate not predictable Bf 
Total L000 100.0 


TABLE 2 USEFULNESS OF THE SEDIMENTATION RATE 


Predictable Confirmatory Guide to theray No. of ca 


0 77 


Total 1000 
In 173 cases, the rate was predictable, confirmatory and a guide to therapy In 
770, it was predictable, confirmatory, but had no influence on therapy In 
was unpredictable and of unknown significance 


57, it 


TABLE 3.—SEDIMENTATION RatTE Not PREDICTABLE 


No. of case 
Cause for discrepancy found on re-analysis +1 
No cause for discrepancy found 16 
Total 57 


In 57 cases (Table 3), the sedimentation rate was not predictable 
and had an unknown significance. The records of this group were 
reviewed meticulously and in 39 of them some factor, such as 
chronic alveolar abscess, chronic purulent sinusitis, chronic cervicitis, 
or syphilis, was discovered and explained the discrepancy. In 2 
additional cases of coronary occlusion normal sedimentation rates 
were reported, but they had not been determined until the 4th 
week of the disease. 

In the remaining 16 cases (1.69%) no explanation could be found 
for the discrepancy between the sedimentation rate and the clinical 
diagnosis or evaluation of the patient. This corresponds with the 
range of accuracy in series reported previously. 

An example is given of a patient in whom an unexplained rapid 
sedimentation rate was reported. 


Case 1. A 45-year-old white female, was seen in our medical clinic 
and referred to the ward. She complained of pain in her lumbo-sacral 
region for 10 years. This pain became worse during damp weather. It 
was aggravated by exercise, especially on leaning forward. It was relieved 
by rest. The remainder of the systemic review of symptoms was negative. 

Physical examination revealed slightly enlarged and apparently non- 
infected tonsils, scoliosis of her dorsal spine, and bilateral Hallux valgus. 
Her body temperature was normal. 

Laboratory studies showed 4,300,000 red blood cells, 84°; (Sahli) hemo- 
globin with 7650 white cells and a normal differential. Blood urea nitrogen 
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was 9 mg. per 100 ce.; blood sugar was 87 mg. per 100 ce. Urinalysis was 
negative. Blood Wassermann reaction was negative. 

Roentgen ray films of her spine were normal except for slight scoliosis. 
Her chest was clear. 

Sedimentation was 85 min. per hour (corrected for anemia with a hemato- 
erit of 43°, packed cell volume). 

Our statistics were then reévaluated and those cases of psycho- 
neurosis, hypochondriasis, and the anxiety state where a normal 
sedimentation rate was of assistance in ruling out a morbid process 
were included in the group in which the sedimentation rate was 
of help to us. There were 64 such cases. This gives us a final 
figure of 237 cases in which the sedimentation rate was of assistance 
in the diagnosis and management of the case and 763 in which it 
was of no value (Table 4). 


TABLE 4 EVALUATION OF ASSISTANCE GIVEN BY THE SEDIMENTATION RATE IN 
DIAGNOSIS OR MANAGEMENT OF CASE 


Evaluation No. of cases 
Helped 237 
No help 763 


We have confirmed the reports already in the literature and 
agree that the test is of value in determining the presence and 
extent of tissue destruction, the systemic reaction to a disease 
process, and as a lead for the need of further investigation in an 
otherwise healthy individual. We believe serial tests in patients 
with chronic types of disease to be of benefit in following the course 
of the process. Single tests are of value only in patients whose 
history and physical examination disclose no definite disease process 
and the test is, therefore, used as a lead to further investigation. 

Summary. |. In the records of 1000 patients on whom the 
sedimentation rate was determined, it was predictable in 943 
cases. In 173, it was not only predictable. but confirmatory in 
regard to the final diagnosis, and of help in the treatment of the 
case. In 770, it was both predictable and confirmatory in regard 
to the final diagnosis,.but of no help in therapy. The rate was not 
predictable in 57 cases, but on re-analysis of these records, an 
explanation of the unexpected rate was discovered in 41. 

2. In 16 (1.6%), no explanation was found. 

3. Including those cases in which a normal rate was of assistance 
i diagnosis, the sedimentation rate helped in our management of 
the case in 237 and was of no help in 763. 

Conclusions. We believe serial determinations of the sedimenta- 
ion rate to be of value in following the course of such diseases as 
heumatic infection, tuberculosis, coronary occlusion and arthritis. 

We believe single tests to be of little or no value, except in patients 
ho, in the absence of evidences of organic lesions, are suspected 

having only a functional disease. In these patients, an increased 
dimentation rate suggests the presence of a morbid process and 
iakes further investigation mandatory. 


246 GORHAM, PROPP, SCHWIND, CLIMENKO: 


REFERENCES 


l AGNor, E. B Ann. Int. Med., 14, 774, 1940 


2. Bouton, S. M J. Lab. and Clin. Med., 23, 519, 193s 

3. Cutter, J. Am. J. Mep. Scr., 171, 882, 1926. 

4. CuTLER, J. W Am. J. Men. Sctr., 183, 643, 1932. 

5. Cutrier, J. W., Park, F. R., and Herr, B. 8. Am. J. Men. Scr., 195, 734,° 


6. CuTLer, J. W Am. Rev. Tuberc., 19, 544, 1929 

7. FAHRAEUS, R Biochem. Ztschr., 89, 335, 1918 (quoted by Ref. 3). 

S. GALLAGHER, J. R Am. J. Mep. Scr., 188, 450, 1934 

9. Ham, T. H., and Curtis, F. C.: Medicine, 17, 447, 1938 

10. HELLER, V.G., and Pau, H.: J. Lab. and Clin. Med., 19, 777, 1934. 
11. KRAMER, D. W. J. Lab. and Clin. Med., 21, 37, 1935 

12. Lintz, R. M.: J. Lab. and Clin. Med., 21, 1259, 1936 

13. LINZENMEIER, G Arch. f. Gynik., 113, 608, 1920 (quoted by Ref. 3). 
14. Mier, I. J. Lab. and Clin. Med., 21, 1227, 1936 

15. Peterman, M.G Wisconsin Med. J., 36, 815, 1937 

16. Po.ak, J. O., and ToLtterson, D.G.: J. Am. Med. Assn., 90, 168, 1928 
17. Rourke, M. D., and Ernstene, A. C.: J. Clin. Invest., 8, 545, 1930 


18. SCHATTENBERG, H. J Arch. Int. Med., 50, 569, 1932 

19. Suriuito, F. H., CHAMBERLAIN, F. L., and Levy, R. L J. Am. Med. Assn., 
118, 779, 1942. 

20. SINGER, R., and Orpway, N. K.: Personal communication (in press). 


21. Stroxkgs, J. B Illinois Med. J., 75, 236, 1939. 
22. Wein, 8. D., Smiru, E. M., Kine, L. E., and Woorron, W.T.: J. Arkansas 
Med. Soc., 36, 241, 1940. 


23. WESTERGREN, A.: Internat. Clin., 1, 70, 1928. 
24. WESTERGREN, A.: Brit. J. Tuberk., 15, 72, 1921 (quoted by Ref. 3). 
25. Yates, H. W., and Davipow, D. M., Putnam, E., and E_tuman, F Am. J 


Obst. and Gynec., 25, 203, 1933. 


THROMBOCYTOPENIC PURPURA CAUSED BY 
SULFONAMIDE DRUGS 


A REPORT OF 3 CASES 


By L. Warrrincton Goruam, M.D). 


PROFESSOR OF MEDICINE 


Simon Propp, M.D. 


ASSISTANT PROFESSOR OF MEDICINE 


L. Scuwinp, 


ASSOCIATE PROFESSOR OF ANATOMY 
AND 
Davin R. Ciumenko, M.D., Pa.D. 


INSTRUCTOR IN MEDICINE 
ALBANY MEDICAL COLLEGE, UNION UNIVERSITY, ALBANY, N. ¥ 


(From the Departments of Medicine and Anatomy 


THe brilliant therapeutic results which have been obtained with 
sulfanilamide and its derivatives in the treatment of various infec- 
tions have led to a constantly increasing clinical use of this grouy 
of drugs. Since their introduction there have been numerou 
reports of various toxic effects. Destructive action upon the bloo 
and blood forming organs has been noted in some cases, wit! 
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production of hemolytic anemia, granulocytopenia and leukemoid 
reaction, but thus far only 4 reports of thrombocytopenic purpura 
have appeared in the literature. 

Perrin Long’ and his associates have reviewed the toxic mani- 
festation of the sulfonamides in a group of 1588 patients. Of these, 
1000 received sulfanilamide, 297 sulfapyridine, and 291 sulfathiazole. 
Regarding the occurrence of hemorrhagic phenomena these authors 
state that “purpura hemorrhagica has not been seen in any of 
our cases, but it has been reported as occurring in the course of 
therapy with sulfanilamide and sulfapyridine.”’ 

Finland,*? who has had a very wide experience with the sul- 
fonamide group of drugs at the Boston City Hospital, reports that 
he has seen no instances of thrombocytopenic purpura following 
their use. 

Markel and Rike® described the first case of secondary purpura 
hemorrhagica following the administration of sulfanilamide. 


Case A. A 59-year-old man had a resection of the bowel for lympho- 
sarcoma of the terminal ileum with partial obstruction. Ten days after 
operation, because of cystitis, sulfanilamide therapy was begun. Thirty 
grains were given on the first, and 15 gr. on the second day, when oozing 
of blood from the operative wound was noted. A total of 7 gm. was given 
in 4 days, when it was stopped. Bleeding from the wound continued, bloody 
expectoration occurred, and blood was found in the urine. A 500 ce. 
transfusion of citrated blood was given. At this time the bleeding time was 
prolonged, the coagulation time was within normal limits, and the clot 
failed to retract after 12 hours. The platelet count was 180,000. A second 
transfusion was given, but the patient died on the following day, one week 
after the beginning of sulfanilamide therapy. The autopsy showed hemor- 
rhage into the tissues surrounding the entero-enterostomy, in the abdominal 
incision, and into the right renal pelvis. The bone marrow presented a 
normal picture. 

Russell and Page” reported two examples of thrombocytopenic 
purpura due to sulfapyridine. 


Case B. A 41-year-old negro with pulmonary tuberculosis developed 
pneumonia of the left lower lobe. During the first 10 days in the hospital 
he received 4.5 gm. daily, a total dose of 45 gm. Ten days after admission 
he developed hemoptysis and recurrent epistaxis. The drug was discon- 
tinued. On the 11th day he showed a generalized purpura involving the 
entire body and the epistaxis and hemoptysis became continuous. Oozing 
f blood from the gums also appeared, as did profuse bleeding from the 
nucous membranes of the mouth. The platelet count was 34,000. The 
leeding, coagulation, and clot retraction times were not determined. 
The diagnosis of thrombocytopenic purpura was made. The patient 
eceived 4 transfusions, a total of 1750 ec. of blood. Although he continued 

) have purpurie manifestations for 5 days after the first transfusion 
ventual recovery occurred. 

Case C. A 60-year-old Italian male, had a pneumonia of the left lower 

be of 3 days’ duration. He was given 18 gm. of sulfapyridine within the 
ext 4 days. The drug was discontinued on the 4th day because of hema- 
ria. This was followed by a rise in temperature. During the next 3 days 

received an additional 5 gm. of sulfapyridine. The patient then devel- 
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oped epistaxis which lasted 6 hours. The following day he showed purpuric 
manifestations in the skin, face, and extremities. The bleeding from the 
nose continued. On the next day he developed bleeding from the gums and 
mucous membranes of the mouth. Large ecchymotic areas appeared on 
the skin, in the throat, and on the extremities. The patient began to pass 
large tarry stools. He received 3 transfusions totaling 1700 ec. of blood 
with little effect upon the bleeding. No platelets were seen in the smear, 
although they were apparently normal on admission. The bleeding time 
was 184 minutes; the coagulation time was 9 minutes. No test for clot 
retraction was recorded. Bone marrow biopsy did not show any significant 
changes. There was a moderate increase in the megakaryocytes and a 
definite increase in the nucleated red blood cells. The latter was believed 
to be due to the response of the bone marrow to blood loss. The patient 
died 14 days after admission. Permission for an autopsy could not be 
obtained. 

Case D was reported by Goldbloom, Greenwald, and Reinstein.’ The 
patient was a 50-year-old woman who was admitted to the hospital with a 
clinical diagnosis of pneumonia. Physical examination revealed marked 
dullness, increased tactile and vocal fremitus, and fine crepitant rales over 
the right, middle, and lower lobes. The clinical diagnosis was substantiated 
by Roentgen ray. Sixty grains (4 gm.) of sulfapyridine had been ad- 
ministered daily for 5 days before admission. After admission 90 gr. 
(6 gm.) were administered daily for 2 days and her temperature declined 
from 103° F. on admission to 98° F. on the 3d da'y, at which time bright red 
blood was expectorated. Hemorrhagic papillomatous masses appeared in 
the buceal mucosa; there were elevated red papillae at the borders of the 
tongue, hemorrhage into the gingival tissue of the lower jaw, and moderate 
vaginal bleeding. That night a generalized rash appeared, and there was a 
hemorrhage into the left sclera. Sulfapyridine was discontinued after 32 gm. 
had been given in 8 days. A blood transfusion was given with 500 ec. of 
saline solution and coagmine (thromboplastin). The following day the 
patient showed marked pallor, and purpura appeared in scattered patches 
over the trunk and extremities, accompanied by a large ecchymotic area 
over the left thigh. The patient eventually recovered. 


Rosenfeld and Feldman" have recently reported a case due to 
sulfathiazole. 


Case E, 37-year-old male, entered the hospital with unilateral ureteral 
calculus, ureteral obstruction, and pyelonephritis. The temperature on 
admission was 104.4° F. Sulfathiazole was administered, 1 gm. on the day 
of admission, and 4 gm. the next day. The temperature fell to 100.5° F. 
The following day, after another 0.5 gm. had been administered, a hemor- 
rhagic state became manifest and the patient’s temperature rose to 103° F 
There was profuse bleeding from the nose and gums, and hematuria 
appeared. Numerous hemorrhagic vesicles developed on the tongue, lips 
and buccal mucosa, and there were many petechiwe on the skin. The 
patient showed extremely marked pallor. Platelets were absent fron 
smears of the peripheral blood, and the tourniquet test was positive. Sulfa- 
thiazole was discontinued at the first appearance of bleeding, and after 
the lapse of 3 days the hemorrhagic phenomena began to subside so that 
at the end of 2 more days, the vesicles and petechie had disappeared fron 
the skin and mucous membranes, and the pulse and temperature wer 
normal. Platelets reappeared in the peripheral blood, and the tourniquet 
test was now negative. Ten days later, following the removal of tl 
kidney stone, this patient was given 15 gm. of sulfathiazole in 5 days as 
prophylactic measure without recurrence of any hemorrhagic phenomena. 
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In addition to the 5 published cases which have been summarized, 
we wish to report 3 more examples. The first is of special interest 
because the secondary type of thrombocytopenic purpura which 
followed the administration of neoprontosil and sulfanilamide was 
at first confused with primary purpura hemorrhagica. The third 
case is the first instance, as far as we know, in which sulfadiazine, 
the least toxic of the sulfonamides, was responsible for purpura 
and death. A comparison of the essential features of 8 published 
cases, including the 3 hereafter to be described, is given in Table 1. 


Case 1. (Albany Hospital, No. 63,654.) A 23-year-old white, married, 
garage worker, born in the United States, of Lithuanian parents, on May 24, 
1941, developed a sore throat, laryngitis and coryza for which he was 
treated by his local physician. His temperature reached 104°F. The 
patient received one 0.5 gm. tablet of neoprontosil every 4 hours for 8 doses 
(total 4 gm.) but on the following day was nauseated and vomited so that 
his physician stopped the drug and prescribed sulfanilamide. He was 
given one 0.5 gm. tablet every 4 hours for 6 doses (total 3 gm.). Medication 
was then discontinued because of the appearance of nosebleed and oozing 
from the gums. On June 2 the blood count showed red cells 5,510,000, 
hemoglobin 115°, white blood cells 7900 (75 neutrophils), platelets 90,000. 

On June 3, 1941, he was admitted to his local hospital. Physical examina- 
tion revealed numerous ecchymotie areas in the mucous membranes of the 
mouth, especially about the lower lip. There were also many petechie 
scattered over the flexor surfaces of the forearms in the region of the elbows 
and over the back. One large ecchymosis approximately 3 inches in 
diameter was present on the outer aspect of the upper right arm, and a few 
small eechymoses around the anus. A repetition of the blood count showed 
the same findings as on June 2. The clotting time was 2.5 minutes, bleeding 
time 8 minutes, platelet count 77,000, and clot retraction very slight after 
18 hours. A test for sulfanilamide in the blood was negative. The stool 
showed a 4+ positive reaction for blood. On June 6, the platelet count 
was 105,000; bleeding time 7 minutes, 45 seconds; and clot retraction very 
slight after 22 hours. On June 9, the platelet count was 106,000; on June 12, 
134,000. A tentative diagnosis of essential thrombocytopenic purpura was 
made and the question of splenectomy considered. The patient was dis- 
charged from the hospital June 10 and for the next week remained at home 
where the bleeding from the gums continued and fresh petechie# appeared. 

On June 17, 1941, he was admitted to the Albany Hospital. A review 
of the past history showed no operations and no accidents. In 1918, he 
had influenza. In 1939, he had an attack of tonsillitis followed by an 
erythematous rash at which time the question of scarlet fever was raised. 
He was given no specific medication for this infection. He had never 
before received any of the sulfonamide group of drugs to his knowledge. 
A review of systems was negative. Venereal disease was denied. The 
family history was negative. 

Physical examination revealed a powerfully built, well nourished, white 
male, lying quietly in bed, who did not appear acutely ill. The temperature 
was 97.5° F., pulse 65, and respirations 18. He occasionally spat out small 
quantities of bloody saliva. Petechial hemorrhages were widespread over 
his forehead, eyelids, in the conjunctive, over the forearms, in the left 
subclavicular region, and over the back and legs. Ecchymoses, 3 inches in 
diameter were present over the biceps muscle of the right arm and over 
the right patella. The pupils were equal and reacted to light. The ears 
and nose were negative. The lips and oral mucous membranes were of good 
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color. Blood was oozing from the gums. The pharynx was negative. 
The thyroid was not enlarged. There was no general glandular enlarge- 
ment. The chest was well formed; the lungs were clear; the heart was 
normal. The blood pressure was 115 systolic and 75 diastolic. The spleen 
and liver were not palpable and the abdomen was entirely negative. The 
genitalia were normal. The extremities were normal. The knee- and ankle- 
jerks were present. The tourniquet test for capillary resistance was positive. 

Laboratory Data (June 18). Urine, negative; blood non-protein nitro- 
gen, 36 mg. 100 ce.; red blood count, 4,600,000; hemoglobin, 14 gm. (85°; 
Hayden-Hauser) ; color index, 0.9; white blood cells, 8100; differential count: 
segmented neutrophils band forms 22°;, metamyelocytes 1°,, 
myelocytes eosinophils monocytes 8°, lymphocytes platelets 
were rare in the blood smear; platelet count 36,000 by the indirect method; 
bleeding time over 9 minutes; clotting time (venous blood) 9 minutes, 30 
seconds; clot retraction incomplete after 36 hours; reticulocyte count 3° ; 
blood type, Landsteiner O; stool tarry, with positive guaiac test. 

On June 20 the patient was given a 500 ec. transfusion of citrated blood. 
The temperature rose to 100° F., but there was no other reaction. 

Sternal puncture (June 21). Smears from the aspirated fluid (Wright’s 
stain) showed an actively functioning marrow with a normal differential 
count. Platelets were present but few. There was no evidence of leukemia 
or aplastic anemia. The findings were consistent with a diagnosis of 
thrombocytopenic purpura. 

On June 22, 2 days after the transfusion, the bleeding time was 5 minutes; 
clotting time (venous blood) 7 minutes, 15 seconds; and clot retraction 
complete after 12 hours. The prothrombin time, on the following day was: 
patient 38 seconds, control 32 seconds, 88°% of normal. 

By June 24 the platelet count had risen to 415,000 (indirect method), 
and the other blood findings had also returned to normal. During the 
succeeding 2 days there was no further bleeding from the gums, no new 
petechize formed, and the older hemorrhages began to fade and disappear. 
The test for capillary resistance was negative. The patient was discharged 
from the hospital June 26, 1941. 

Subsequently he had no further hemorrhagic manifestations, and on 
August 12, 1941, a complete follow-up examination of the patient was en- 
tirely normal. 

Case 2.* A 62-year-old white male, was treated for pneumonia with 
sulfapyridine. His illness began March 1, 1940, as an acute respiratory 
infection. On March 3 his temperature was 103° F., respirations 30 per 
minute, and pulse 110. There were numerous rales in the lower left lobe, 
and the patient coughed almost continuously but could raise no sputum. 
He was given 3 gm. of sulfapyridine, repeated after 4 hours, and thereafter 
| gm. every 4 hours. The temperature came down to normal within 24 
hours, and at the end of the 3d day of treatment, when the patient had 
received 18 gm. of the drug, medication was discontinued. There was 
little nausea and no vomiting from the medication. The temperature 
remained normal for 3 days until March 8, when it jumped to 101° F. Sul- 
apyridine was started again, 1 gm. every 4 hours. The temperature again 
dropped to normal in 24 hours, but the drug was continued. On March 9, 
‘rystals of sulfapyridine appeared in the urine. On March 12 the patient 
assed bloody urine and the drug was discontinued. A total of 18 gm. 
iver a period of 3 days had been given, and then after an interval of 3 days, 
() gm. were administered in 5 days. On the following day, the patient’s 
olor was good, he did not appear ill, nor did he complain of any pain. 

‘Xamination of the lungs revealed a patch of frank consolidation in the 


* We are indebted to Dr. S. L. Cash and to Dr. Russell L. Cecil of New York 
r permission to report this case. 


GORHAM, PROPP, SCHWIND, CLIMENKO: 


left lower lobe. There was no tenderness over the kidneys and no pain 
in the back. The patient received L000 ec. of saline solution intravenously, 
and fluids were forced by mouth. On March 14 he began to bleed from the 
nose, mouth and lower bowel and large purpuric spots appeared all over the 
body. 

Laboratory Data (Mareh 15). fed blood cells, 3,270,000: hemoglobin, 
19°. (Klett-Newcomber 8.3 gm.); white blood cells, 11,800; blood plate- 
lets—practically none seen in stained smear; bleeding time, 3 minutes 
(Duke’s method); coagulation time, 4.5 minutes (capillary blood); blood 
non-protein nitrogen, 79.3 mg. per 100 ce. A diagnosis of purpura hemor- 
rhagica was made, and while preparations were being made for a blood 
transfusion the patient suddenly became very much worse and died, 
March 16. Postmortem examination of the embalmed body showed 
multiple purpuric hemorrhages on the chest, back, extremities and on the 
surface of the intestines and kidneys. The latter organs were slightly 
enlarged and on sectioning showed extensive submucosal and interstitial 
hemorrhage in the papille, calices, and pelves. The hemorrhages extended 
into the ureter, and extravasated blood was found in the lumen of the 
pelves and ureters. Microscopic examination confirmed the gross findings. 
Acetyl-sulfapyridine crystals were not found; the other organs were not 
examined. 

Case 3.* A 60-year-old woman (N. Y. Hosp., No. 300468) was first 
treated by Russell traction for a fracture of the left hip. Failure to obtain 
satisfactory reduction led to fixation of the fragments with Moore pins 
7 days after her admission to the hospital. She was a known diabetic, but 
her diabetes was readily controlled. Four days after the insertion of the 
Moore pins, and the 3d day after the patient had been allowed up in a chair, 
her temperature rose to 39.2° C., and there was induration of the wound. 
The wound was opened and a serous material evacuated which on culture 
revealed non-hemolytic Staphylococcus aureus. Sulfadiazine therapy was 
instituted. She received 6 gm. the first day, 3 gm. the second, and 4 gm. 
daily for the next 4 days. Over a period of 6 days she received 25 gm. of 
sulfadiazine, during which time daily blood counts revealed no depression 
of the white blood cells, but no platelet counts were done. On the 6th day 
the patient developed severe epistaxis, followed by bleeding from the gums 
and urinary tract. The blood level of the drug was at this time 3.6 mg. 

Laboratory Data. Red blood cells, 3,100,000; white blood cells, 15,000; 
differential count—segmented neutrophils 34, band forms 49, monocytes 3, 
lymphocytes 14. No platelets were seen in the smears. Clotting time was 
3 minutes, bleeding time 20 minutes. 

Diagnosis. Thrombocytopenic purpura. Sulfadiazine was discontinued, 
and the patient given multiple small transfusions and supportive therapy. 
In spite of this she continued to bleed from the nasal mucous membrane, 
urinary tract, gastro-intestinal tract, and vagina. The patient died 8 days 
after the institution of sulfadiazine therapy, 2 days after the appearance of 
purpuric manifestations, having received 25 gm. of the drug in 6 days. 

Postmortem Examination. Purpura hemorrhagica (medicamentosa, sul- 
fadiazine) with hemorrhage into the wound, joints, serous surfaces, lungs, 
stomach, renal pelves, bladder, dura, brain and wall of the third ventricle. 


Comment. A total of 8 cases of secondary thrombocytopenic 
purpura (including the 3 herein described) following the use of 
sulfonamide drugs have now been reported. There were 4 deaths. 

* We are indebted to Dr. Norman 8S. Plummer of New York for the privilege of 


including this case in our series. The patient was studied on the Surgical and 
Chemotherapy Services of the New York Hospital 
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fatal purpura has been caused by: sulfanilamide, sulfapyridine, and 
sulfadiazine. "The one reported case of purpura following the use of 
sulfathiazole recovered. Purpura hemorrhagica must now be 
generally recognized as a possible serious, although infrequent, 
complication of sulfonamide therapy. The drug should be stopped 
at once when it appears. The number of blood platelets should be 
noted when the blood is being checked for possible granulocytopenia 
during sulfonamide therapy. 

A study of the 4 fatal cases thus far reported shows that in at 
least 2 instances and possibly 3 the drug was continued for 24 to 
{§ hours after petechial hemorrhages or bleeding had occurred. 
In the 4 patients who recovered, the drug was stopped on the 
first appearance of hemorrhagic manifestations. This point is of 
great practical importance. Since thrombocytopenia precedes the 
appearance of purpura it is obvious that the detection of a reduction 
of blood platelets in the blood smear would be of even greater value 
as a danger signal than the finding of a few petechie or slight 
hemorrhage. The sooner the drug is stopped in one of these sul- 
fonamide sensitive patients, the better appears to be his chance for 
recovery. 

The bone marrow shows no significant change in these cases. 
Needless to say, this secondary drug purpura must be distinguished 
from primary thrombocytopenic purpura. The amount of drug 
necessary to produce purpura, is, as can be seen in Table 1, ex- 
tremely variable. Death occurred with as little as 7 gm. It is 
interesting to note that in the case reported by Rosenfeld and 
leldman purpura appeared after the administration of 5.5 gm. of 
sulfathiazole, but after recovery had taken place 15 more grams 
of the drug were given to the same patient without any untoward 
effect. 

At the present time, no definite statement can be made to explain 
the blood dyscrasias which occur in certain individuals as a result 
of the administration of the sulfonamides. The similarity in 
chemical structure however, between this group of drugs, and such 
known hematotoxic agents as benzol and aniline, makes the simi- 
larity in the clinical manifestations of their toxic reactions all the 
more striking. When it is realized that the organism handles 
these 2 types of substances in a fundamentally similar manner; 
that they are closely related to one another from a chemical point 
if view; and that they are capable of producing identical pathologic 
esions insofar as the hematopoietic system is concerned, then it is 
easonable to assume that the production of blood dyscrasias by 

he 2 types of substances involves the same fundamental mecha- 

ism (Fig. 1). 

The structural relationship between benzol, aniline, and the 

ilfonamides calls for no comment. It is clearly brought out by 

spection of the structural formule. In the case of sulfapy ridine, 


voL. 205, No. 2—FEBRUARY, 1943 9 


254 GORHAM, PROPP, SCHWIND, CLIMENKO: 


sulfathiazole and sulfadiazine, the “R” in the formula represents a 
heterocyclic ring (Fig. 1). 

In the body, aniline is converted to phenylhydroxyl amine and 
then to p-amino phenol. This oxidation compound is excreted in 
combination with sulfate as an ethereal sulfate. A definite increase 
in ethereal sulfate output is characteristic of benzol and aniline 
poisonings, and one of the first clinical manifestations of intoxi- 
cation with such substances is the lowering of the ratio of excreted 
inorganic sulfur to total sulfur in the urine. 


Nn, NH, NH, 
SO, NH, SO,NHR 
BENZOL ANILINE SULFANILAMIDE SULFAPYRIDINE 
SULFATHIAZOLE 
SULFADIAZINE 


Fic. 1.—Structural formulas of the sulfonamides. 


Both Fullert and Marshall,’ in describing the metabolism of the 
sulfonamides, have pointed out that these compounds are either 
acetylated or excreted unchanged. This is undoubtedly true for the 
major portion of these substances, and in some individuals, may 
account for all of the drug administered. However, it may be 
shown in experimental animals that the administration of a single 
dose of sulfapyridine is followed by a marked increase in the quantity 
of ethereal sulfate excreted. This is associated with a concomitant 
lowering of the ratio of inorganic sulfur to total sulfur. Figure 2 
shows the results of such an experiment. A dog, maintained on 
a normal fixed diet, was allowed to come to equilibrium insofar as 
sulfur metabolism was concerned. After this had been established 
a single dose of sulfapyridine (1000 mg. kg., per orem) was ad- 
ministered and sulfur metabolism followed. The maximal increas« 
in ethereal sulfate output occurred on the day following the ad- 
ministration of the drug, and the concentration rapidly returned 
toward its initial basal level (Fig. 2). 

This increase in ethereal sulfate excretion may be the result o! 
either of two mechanisms: A, a derangement of the endogenou 
protein metabolism with the resulting increased formation of suc! 
catabolites as indol, ete., which are excreted as ethereal sulfates 
or, B, the oxidation of a portion of the sulfapyridine which ha 
been administered and the conjugation of this oxidized compoun 
with sulfate to form an ethereal sulfate. 


| 
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Of these two possibilities, the second is the more probable, since 
there is indirect evidence that the administration of large doses 
of sulfonamides do not produce any demonstrable change in liver 
function.!. Furthermore, there is the direct evidence of James* 
who has been able to isolate a series of oxidation products of sul- 
fanilamide, which are analogous to the known oxidation products 
of aniline, from the urines of patients receiving therapeutic doses 
of the drug. He suggested that some of the toxic effects noticed by 
clinicians might be due to these oxidation products and pointed out 
that both the p-aminophenol and the hydroxylamine compounds, 
in their unconjugated form, are capable of producing degenerative 
blood changes. 

INORGANIC TOTAL RATIO 
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Fic. 2.—The effect of sulfapyridine on sulfur metabolism. 


In addition to possessing a potential toxic action on the hema- 
topoietic mechanism, all of these compounds (benzol, aniline and the 
ulfonamides) have a direct effect on the cells of the peripheral 
irculation. Neither benzol nor aniline are hemolytic substances; 
e., saturated solutions of these substances in isotonic saline will not 
roduce hemolysis of washed red cells. However, they will accel- 
rate the rate at which hemolysis occurs in the presence of a known 
sin. If one establishes the time required for the production of 
mplete hemolysis of a suspension of cells by a known concen- 
ration of lysin, and then alters the system by the addition of small 


256 THROMBOCYTOPENIC PURPURA CAUSED BY SULFONAMIDE DRUGS 


quantities of benzol or aniline, it will be observed that the time 
required for complete hemolysis by the same quantity of lysin is 
materially diminished. This acceleration of the lytic action is also 
a property of the sulfonamides and may be demonstrated in vivo 
as well as in vitro. The property of accelerating the hemolytic 
process may account for the hemolytic anemias encountered as a 
result of the administration of the sulfonamides. Rimington"™ 
was able to show a marked increase in the hematoporphyrin ex- 
cretion of rats receiving sulfapyridine. We have administered 
sulfathiazole to dogs and have noted this same increase in pigment 
excretion in the urine. The peripheral blood has shown a normal 
picture. Erf and MacLeod? reported increased urobilinogen out- 
puts in patients receiving sulfapyridine and manifesting the clinical 
picture of hemolytic anemia. 

The multiplicity of the clinical manifestations of blood dyscrasias 
resulting from the administration of the sulfonamides is duplicated 
by benzol and aniline intoxication. The effect may be on the cells 
of the peripheral circulation or on any or all of the series of blood 
cells produced in the bone marrow. Thus following the administra- 
tion of sulfonamides, as well as in benzol or aniline intoxication, 
there may occur granulocytopenia, hemolytic anemia, leukemoid 
reaction, thrombocytopenic purpura and possibly aplastic anemia. 
To our knowledge no instance of aplastic anemia following sul- 
fonamide therapy has been reported, although we believe that such 
cases may occur and be recognized in the future. 

Summary and Conclusions. 1. Three new cases of thrombocy- 
topenic purpura following the use of sulfonamide drugs are reported 
and 5 previously published cases are reviewed. Table 1 contains a 
summary of these 8 cases. 

2. In our series of 3 cases, one followed the administration of 
neoprontosil and sulfanilamide to the same patient. Recovery 
occurred. The other two examples followed the administration 
of sulfapyridine and sulfadiazine respectively. Both of these 
patients died. 

3. All of the well-known sulfonamide compounds thus far gen- 
erally used have produced purpura in susceptible individuals. 
Sulfanilamide, sulfapyridine, and sulfadiazine, have caused death 
The one patient who is reported to have had purpura following 
sulfathiazole recovered. 

1. The total amount of drug administered in the cases reported 
has varied from as little as 5.5 gm. in 3 days to 48 gm. over a period 
of 11 days. This wide variation in the amount necessary to produc 
a toxic effect indicates a great difference in individual susceptibility 
In one patient who recovered, the same drug was given a short 
time subsequently, with no untoward effect. 

5. Purpura should be generally recognized as a possible thoug! 
infrequent complication of sulfonamide drug therapy. The mortalit 
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has thus far been very high—50% in the 8 cases reported, so that the 
seriousness of this complication should be emphasized. 

6. The study shows that the sooner sulfonamides are stopped after 
the appearance of purpura the better the prognosis for recovery of 
the patient. 

7. When examining blood smears from patients receiving sul- 
fonamide therapy, for possible granulocytopenia, a note as to the 
number of platelets present should always be made. Thrombo- 
cytopenia precedes the signs of purpura, and early observation of 
platelet reduction may prove life saving. 

S. The striking similarity between the clinical signs of the 
hematotoxic action of benzol and aniline on the one hand, and of the 
sulfonamides on the other, has been emphasized. When it is realized 
that the organism reacts in a fundamentally similar manner after 
the ingestion of these two types of substances, that their chemical 
structure is closely related, and that they are capable of producing 
identical pathologic lesions in the bone marrow, and in the peri- 
pheral blood, then it is reasonable to assume that the production 
of various blood dyscrasias by the two types of substances involves 
the same fundamental mechanism. 
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THE EFFECT OF STORAGE AT VARIOUS TEMPERATURES ON 
THE PROTHROMBIN CLOTTING TIME OF HUMAN PLASMA 


By Ropert C. Pace, M.D. 
AND 
Kpwin J. DE Breer, Pa.D. 
NEW YORK, N. Y. 

From the Chemical Laboratory of the Department of Surgery, College of Physicians 
and Surgeons, Columbia University and Presbyterian Hospital, and The Burroughs 
Wellcome & Co. [U.S.A.] Experimental Research Laboratories, Tuckahoe, N. Y.) 

Wer have been impressed by the change in prothrombin clotting 
time of human plasma when it is allowed to stand at room tem- 
perature. Obviously this is of considerable clinical importance in 


258 PAGE, DE BEER: 


interpreting a prothrombin clotting time. In an earlier publication? 
we stated that if plasma is allowed to stand at room temperature 
the prothrombin clotting time is usually increased and consequently 
we performed the test as soon as possible after obtaining the blood. 
Witts and Hobson’ have reported that oxalated plasma is not 
stable for much longer than an hour at room temperature, however, 
if put into a refrigerator as soon as possible after venipuncture the 
plasma will keep its clotting time unchanged for at least 24 hours. 
Because of the above observations we were prompted to carry out 
the following study on the effect of different temperatures on the 
prothrombin clotting time of human plasma. 


Method. Samples of venous blood from normal individuals, and from 
obese and diabetic patients attending an out-patient clinic, were centrifuged 
and the plasma was divided into 3 portions. One was stored in an incubator 
at 38° C., another at room temperature (about 23° C.), and the third 
in the refrigerator at approximately 5° C. 

Ten mg. of potassium oxalate were mixed with 4.5 ec. of blood in a 
centrifuge tube. The blood was centrifuged at 1500 r.p.m. for 5 minutes, 
and the oxalated plasma was pipetted off. The test was performed as 
follows: 0.2 ce. of oxalated plasma was pipetted into a small test-tube 
(75 x 10 mm.) and 0.2 ec. of Russell viper venom,* 1: 10,000 solution, was 
added. Calcium chloride solution (1.11 gm. anhydrous calcium chloride 
per 100 ec.), 0.2 ce., was then added, and the stopwatch immediately 
started. The tube was agitated for 10 to 15 seconds and tilted until separate 
discrete fibrin particles could be seen. This was taken as the end-point. 
The prothrombin clotting time in normal individuals using Russell viper 
venom has been found to be 20.76+ 2.32 sec.? and 19.5+ 2.9 sec. 


Results. It was not always possible to make determinations 
exactly at 1, 2, 3 and 4 hours after the blood sample was obtained, 
therefore the prothrombin clotting times were plotted against the 
times at which the determinations were made for each of the blood 
samples involved. When necessary, therefore, the required pro- 
thrombin clotting times for a given hour were read from the graph. 
raBLeE | PROTHROMBIN CLOTTING TIMES IN SECONDS FOR SAMPLES OF PLASMA 


STORED FOR GIVEN PERIODS oF TIME AT DIFFERENT TEMPERATURES 


Patients 


Time 
intervals 1 2 3 4 5 6 7 s 9 10 11 #12 #13 ~«14~« O15 
Initial 25 20 21 19 23 20 25 16 18 17 21 23 19 17 22 
1 hr 36 23 30 33 35 28 34 23 31 22 29 28 23 26 28 
I hator 2 hrs 39 26 40 37 44 30 42 24 #39 24 #32 30 29 2 
38° ( 3 hrs 45 26 52 42 48 32 47 26 42 28 35 3 37 35 35 
4 hrs 11 26 49 44 44 2 49 29 44 1 38 37 43 SB 37 
Initial 25 20 21 19 23 20 25 16 18 _— 23 19 #17 22 
Room 1 hr Be wi 22 
23° < 3 hrs 32 23 27 20 > 34 33 20 30 21 27 25 23 22 25 
4 hrs 6 25 31 34 34 22 34 «23 «633 
1 hr 28 21 27 26 25 23 20 17 21 18 2 23 19 8 W 
Refrigerator 2 hrs 28 20 21 24 24 20 28 18 25 19 23 25 21 19 21 
5° ¢ 3 hrs a2 20 25 26 209 22 28 19 27 21 24 24 22 19 2 
4 hrs 27 20 27 25 25 24 31 20 29 4 26 24 22 21 26 


In order to conserve space, all tenths of seconds were omitted from the above observations 


* Supplied as ‘Stypven’ Russell Viper Venom by Burroughs Wellcome & Co., 
Inc., New York, N. Y. 
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Graphic examination of the data of Table | indicated that for 
each temperature level, the prothrombin clotting time varied 
directly with the duration of storage. The rate of increase was 
greatest when the plasma was stored at 38° C. and least when the 
plasma was kept in the refrigerator. These points were investigated 
further by applying standard statistical procedures such as described 
in Snedecor’s text.4 


4 38°C 
Y) 36 
é 
= & 
23°C 
= vc 


— 


1 
She 4 hr 


lhr 2 hr 
Time in Hours plotted Logarithmically 


ia. 1.—Graph showing increases in prothrombin clotting time as affected by tem- 
perature and duration of storage of plasma. 


Statistical Analysis. At a given temperature the prothrombin 
clotting time apparently increases as a straight line function of the 
log of the storage time. This was tested for by performing an 
analysis of variance and calculating the variance ratio F in order 
to determine if the departures of the data from linearity were 
significant when compared with the variations within groups.‘ 
’ was found to be 0.046 for the incubator data, 3.452 for the room 
temperature data and 0.350 for the refrigerator data. As the 
tabular value of F for the 5% point was 3.98, it may be concluded 
that for none of the 3 curves was the departure from linearity sig- 
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nificant. A remarkably good fit was obtained with the incubator 
data and the poorest agreement between the observed values and 
the calculated line was obtained with the room temperature data. 
\s Figure | shows, this was largely due to the high figures obtained 
for the 4-hour period. 

It is not accidental that the sets of data for the 3 different tem- 
peratures determine 3 different lines since the slopes of these lines 
were found to differ significantly from each other. In testing this 
point, the standard error of the difference between two slopes was 
taken to be equal to the square root of the sum of the two variances 
of the slopes involved.'! Values of the statistic f were calculated for 
the difference between the slopes of the room temperature curve 
and the incubator curve and for the difference between the slopes 
of the room temperature curve and the refrigerator temperature 
curve. The ¢t values were found to be 4.726 for the former and 2.495 
for the latter. Since both of these exceed the tabular figure of 1.960 
for P = 0.05, both are to be regarded as significant. It may there- 
fore be concluded that the prothrombin clotting time is a function 
of the temperature of storage as well as of the duration of storage. 

Discussion. ‘The results of this study reveal the necessity of 
completing the prothrombin clotting time test as soon as possible 
after the blood is obtained. In answer to the question of how much 
the prothrombin may increase on standing, the table of expected 
increases in clotting times was calculated from the equations of 
the 3 curves (see Table 2). The values of Table 2 are, of course, 
the expected values and individual samples may give increases 
which are greater or less than the tabular value. It will be observed 
that the expected increase is by no means negligible even for periods 
as short as | hour and that increased temperature greatly accelerates 
the increase in clotting time. 

TABLE 2.—INCREASE IN PROTHROMBIN CLOTTING TIMES IN SECONDS OVER THE 


INITIAL VALUES AFTER STORAGE FOR GIVEN PERIODS OF TIME 
AT DIFFERENT TEMPERATURES 


Length of tefrigerator {oom Incubator 
storage period temperature temperature temperature 
n hours 6° © zo” 

l 1 8S sec 3.6 sec. S 4 sec 


The average initial prothrombin clotting time was 20.8 seconds. The above 
figures represent the expected increase over the initial value. 


The theoretical implications of the results obtained are not 
obvious. However, there seems to exist some mechanism in the 
plasma, or operating on the plasma, by which the prothrombin 
clotting time is increased. This increase is proportional to the 
storage time, and the rate of increase is accelerated by an increase 
in temperature. It is reasonably certain, therefore, that prothrombin 
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is a labile substance. However, it is not clear whether the lability 
is due to deterioration of the prothrombin itself, to an enzymatic 
destruction of prothrombin, to the effect of an anti-thrombin or 
to some other cause. Further study is needed on these points. 

Summary. |. Prothrombin clotting times should be determined 
as soon as possible after blood is obtained. 

2. In this study the prothrombin clotting time increased pro- 
portionally with the time of storage. At a given temperature, it 
increases as a straight line function of the log of the storage time. 

3. The rate of increase of prothrombin clotting time is directly 
proportional to the storage temperature. 

We wish to express our appreciation for the assistance and coéperation of Dr. Louis 


Bauman in whose laboratory this work was carried out, and also we wish to thank 
Miss Mary Hamlin for technical assistance. 
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BOOK REVIEWS AND NOTICES 


TEXTBOOK OF EmpBryoLocy. By Harvey E. Jorpan, M.A., Pu.D., 
Sc.D., Professor of Anatomy and Director of the Anatomical Laborator- 
ies, University of Virginia, and James E. Kinprep, M.A., Px.D., Pro- 
fessor of Anatomy, University of Virginia. Pp. 613; 470 figures and 
31 plates. Fourth Edition. New York: Appleton-Century Company, 
1942. Price, $6.75. 

Tuis standard textbook has been thoroughly revised by its authors. 
The straightforward account of human development for which the work 
has always been distinguished has been elaborated to include recent experi- 
mental and comparative embryologic data. Many new figures have been 
added. Some figures leave something to be desired in the matter of crafts- 
manship in drawing, but their accuracy is not thereby impaired. It is one 


of the most useful books available for student or practitioner. R. W. 


THE ELECTROCARDIOGRAM AND X-Ray CONFIGURATION OF THE HEART. 
By ArtHur M. Master, B.S., M.D., F.A.C.P., Cardiologist to the 
Mt. Sinai Hospital, New York, Assistant Professor of Clinical Medicine, 
Columbia University, New York. Pp. 404; 108 figures, 163 illustrations. 
Philadelphia: Lea & Febiger, 1942. Price, $7.50. 

INSTEAD of presenting systematically the various electrocardiographic 
and roentgenologic variations and abnormalities and then attempting to 
show what these abnormal findings suggest, the author of this book begins 
with variations and abnormalities in cardiac structure and position and 
then discusses the resulting effects on the electrocardiogram and roentgeno- 
gram. This somewhat novel method of presentation, together with the 
fact that the conclusions are often original and obviously based upon the 
author’s wide experience and observation, results in a book that is fresh and 
interesting. 

For similar reasons, the book naturally contains some conclusions that 
all students of this subject will not be willing to accept at the present time. 
It is doubtful, for example, if everyone will accept the conclusion that 
T wave inversion in hypertension is due to myocardial hypertrophy rather 
than to “left ventricular strain” or to myocardial disease. Likewise it is 
doubtful if every one will care to go as far as the author goes in using 
electrocardiograms and roentgenograms to diagnose individual chamber 
enlargement and even valve lesions. These facts do not detract from the 
value of the work. This particular reviewer found the book challenging 
and important. T. M. 


TEXTBOOK OF PATHOLOGY. By Str Ropertr Murr, M.A., M.D., Sc.D., 
LL.D., F.R.S., Emeritus Professor of Pathology, University of Glasgow, 
Honorary Pathologist to the Western Infirmary, Glasgow. Fifth Edition. 
Pp. 991; 599 figures. Baltimore: Williams & Wilkins Company, 1941. 
Price, $10.00. 

Tuis edition includes the important additions and modifications in the 
field of pathology in the past 5 years, necessitating an increase of 119 pages 
since the second edition. The aim continues to be borne in mind that a 
book was written primarily for students and that an understanding of 
principles is of more importance than a knowledge of the rarer abnormalities. 
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The professional pathologist, therefore, should not expect to find the con- 
siderable, though still inadequate, detail that is to be found in the best 
American textbooks on the subject. As these also serve as a reference book 
for the graduate student, the Reviewer has long felt that the textbook- 
reference-book dilemma could best be “straddled” in a single volume, by 
including a maximum amount of detail consonant with readability, but 
picking the less important matter out in small type. Aside from this 
aspect, we recognize Muir’s textbook as a sound, reliable presentation, the 
English terminology and slight differences in concept not constituting a 
major obstacle. E. K. 


HerepITh MENDELIENNE ET ANALYSE COMBINATOIRE. By Dr. E. -L. 
Router. Pp. 189. Genéve: Georg et cie, 1941. Price, 12 Swiss franes. 
Tuts is a brief mathematical treatment of multiple factor inheritance, 

which contains very little that is new. The short bibliography lists no 

publication of H. 8. Jennings, who covered much the same ground nearly 

30 years ago, nor does the author seem to be aware of the work of the three 

leading mathematical geneticists of today, Sewell Wright, J. B. 8S. Haldane 

and R. A. Fisher. This book appears to emphasize the fact that the trans- 
fusion of the knowledge of genetics across national borders is not as good as 


it should be. Cc. Z. 


THE EssENTIALS OF OcCUPATIONAL Diseases. By Jewerr V. REEp, B.S., 
M.D., F.A.C.S., and A. K. Harcourt, B.8., M.D., Indianapolis, Ind. 
Pp. 225. Springfield, Ill.: Charles C Thomas, 1941. Price, $4.50. 

[x our industrial expansion the protection of workers against occupational 
diseases and accidents has assumed increased importance and is demanding 
the close attention of the entire medical profession. With the exception of 
doctors already in service it must be assumed that every practising physician 
is likely to be called upon for service in this field and at almost any time. 

This volume will be useful to all physicians and to engineers and others 
concerned with safety work, and with the prevention of accidents. The 
authors have had 30 years’ experience practising industrial medicine and 
surgery, and their volume provides answers to the great majority of ques- 
tions that are likely to come up if, indeed, it may not be found complete 
in this regard. 

The first chapter deals extensively with chemical poisons, the second with 
physical agents which may become industrial hazards; subsequent chapters 
discuss industrial dermatoses, occupational diseases of the lungs, malignant 
diseases associated with occupation, diseases due to infections, and fune- 
tional disturbances associated with occupation. 

There is an extensive bibliography. Especially valuable is a large folded 
table of potential industrial health hazards. This table is arranged with a 
classification of 108 industries in column form at the left, while across the 
top, at the heads of successive columns, are 79 recognized hazards. Thus 
it is possible, at a glance, by following the spaces across to identify the 
hazards which are most likely to be met in the industries enumerated. 

Industrial Medicine is essentially preventive medicine. When an accident 
occurs, or when an employee begins to show signs of intoxication resulting 
from the inhalation of a volatile poison, the physician has failed in his duty. 
As time goes on this point of view will be more and more emphasized. It is, 
therefore, necessary for the industrial physician to understand hazards so 
well that the employees under his care will never be exposed to serious risk. 

The volume is well printed and attractively bound. At times the diction 
hecomes colloquial, but the documentation is excellent. The index is very 


full. A. 
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THe Mepicat APPLICATION OF THE SHORT WAVE CuRRENT. By WILLIAM 
Bierman, M.D., Attending Physical Therapist, Mount Sinai Hospital, 
New York City; Assistant Clinical Professor of Therapeuties, New York 
University College of Medicine. With a chapter on Physical and Tech- 
nical Aspects by Myron M. Scuwarzscuitp, M.A., Physicist, Beth 
Israel Hospital, New York City; Instructor of Physies in Radiology, 
New York University College of Medicine. Second Edition. Pp. 344; 
87 illustrations. Baltimore: William Wood (Williams & Wilkins Com- 
pany), 1942. Price, $5.00. 

THE mode of action and the therapeutic effects of short wave therapy is 
a much debated subject. Some investigators, chiefly American, maintain 
that the therapeutic effects are derived solely from the heat generated by 
the current; while others, mostly Europeans, believe that the effect is due 
to a specific action which may be either independent of or superimposed on 
the thermic effect. The author of this book belongs to the first of these 
groups. He does, however, reserve to himself ‘the privilege of retaining 
an open mind with regard to the possibility of the so-called ‘specificity.’” 

As in the first edition, the author has given a clear, scholarly exposition 
of the various phases pertaining to the subject of short wave therapy. 
Critically analyzing his own wide experience, he has also drawn abundantly 
from the experiences of others, even when their views do not agree with his. 
Among the numerous references in the book, there is a large percentage 
given to sources written in the principal foreign languages “in an effort 
to give the reader a comprehensive view of the material without requiring 
him to expend the labor necessary for the perusal of the voluminous and 
polvlingual literature now available.”’ 

The present edition has been thoroughly revised, much new material 
added and the subject matter brought up-to-date. The text begins with a 
brief history of short wave current, then follow chapters on the physics of 
short wave current, temperature determinations in the human, physiologic 
responses to local heat and local short wave current, specificity and tech- 
nique. Next there follows a newly written chapter on fever therapy and 
finally one dealing with clinical applications—this latter chapter occupying 
approximately one-half of the volume. Numerous new well-drawn illustra- 
tions enhance the value of this edition. The text is clear, to the point and 
highly instructive. As a reliable guide not only for workers in short wave 
therapy but also for other medical practitioners and, last but not least, as an 
inspiration to further study, this is a valuable book. J. N. 


\ SHorT History or By James B. Herrick, M.D., Emeri- 
tus Professor of Medicine, Rush Medical College; Consulting Physician 
to Presbyterian Hospital, Chicago. Pp. 240; 48 plates. Springfield, IIL: 
Charles C Thomas, 1942. Price, $3.50. 

SELDOM are we privileged to have a thoughtful and entertaining, historical 
survey of a medical subject such as this is, written by one who himself has 
contributed notably to that subject. When this rare bird does occur, it 
needs no commendation from a reviewer, nor does Dr. Herrick’s book. 
However, we would like to remark that the same observing, keen and 
studious mind and critical judgment that detected new clinical entities 
and differential diagnostic pictures has now been applied equally well in 
the search for a selection of those students of cardiology ‘who, because of 
their personality, their important writings, or their influence in the develop- 
ment of knowledge may properly be regarded as worthy of remembrance.” 
Dr. Herrick emphasizes that his is a Short history, without intention of 
being encyclopedic, so that he has felt free to dwell heavily on biography 
and to omit some features, especially if non-clinical, that one will miss. 
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Also the limitation to three centuries, ‘‘say from Harvey (1628) to Roentgen 
(1896),”’ excludes many whom we should have liked to have read about in 
Dr. Herrick’s charming style. Aristotle, Herophilus and Erasistratus, 
Galen, and Vesalius and others are fortunately not left out entirely; but 
one would have liked to have read of Realdus Columbus, Sarpi, Carl Lud- 
wig, K6lliker, Waller, the “‘congenital cardiologist’”’ (including Maud 
Abbott), Broadbent, Richard Cabot, Libman, the heart surgeons, and by no 
means least, the author himself. We may hope that with the many useful 
days that are ahead of him, he may see fit to eliminate ‘‘Short”’ from the 
title and expand his history in both chronologic directions. 

Even in these wartime days, I would like to conclude with a relevant 
quotation from the author’s Preface: ‘The history of medicine as a suit- 
able subject for study can be warmly endorsed. It leads to a better under- 
standing of the present status of medical knowledge, making clearer what 
is definitely established and what is still in the stage of theory or uncom- 
pleted experiment. It teaches the student the importance of going for 
information to monographs and original articles. It may lead him, if not 
in his undergraduate days, at least early in his practice, to read medical 
biography. Once acquired, this habit is more than an ephemeral pastime. 
As an avocation, the study of medical history, especially medical biography, 
with the collecting of medical books and prints, has many attractions. If 
not gone into with a too lavish expenditure of time and money and if not 
deferred too long, it may prove to be one of the delights of old age.” 


E. K. 


BIOLOGICAL Symposia. Volume VII, “Visual Mechanisms.” Edited by 
Heinrich Kiitver. Professor of Experimental Psychology, the Uni- 
versity of Chicago, and Member of the Otho 8. Sprague Memorial Insti- 
tute. Pp. 322. Laneaster, Pa.: The Jaques Cattell Press, 1942. 
Price, $3.25. 

Tue publications of Biological Symposia represent valuable contributions 
to seientifie literature; and this volume, dealing with Visual Mechanisms, 
is no exception. The topics in this volume were presented as a symposium 
at the Fiftieth Anniversary of the University of Chicago in 1941. The 
problems of vision were discussed from the physical, biochemical, physio- 
logic, anatomic, histologic and psychologic points of view by Drs. Hecht of 
Columbia University, Krause, Polyak, Case and Kliiver of the University 
of Chieago, Wald and Lashley of Harvard, Gellhorn and Bonin of the Uni- 
versity of Illinois, Bartley of Washington University, Marshall and Talbot 
of Johns Hopkins, and Walls of Wayne University. The book is highly 
recommended to all physiologists (in addition to those concerned chiefly 
with visual problems) and to those ophthalmologists who desire a more 
complete understanding of that tremendously complex organ, the eye, and 
its connections with the central nervous system. The volume is well 
printed and richly illustrated. J. C. 


\Mysetr, My Turnkinc, My Tooucuts. By K. W. Monsarrr. Pp. 140; 
24 figures. London: Hodder & Stoughton. University Press of Liver- 
pool, 1942. Price, Ff 6, net. 

PRESENTING his treatise in an autobiographic form, this philosophic 
psychologist begins with a discussion of the “‘ habit that human beings call 
thinking,’’’ and continues in Part I, ‘My Thinking,” under the following 
chapter headings: My Self’s Affirmations and Ideas, About Myself’s Idea- 

Forming, My Remembering and Reasoning Self, Images, and The Matter- 

Mind or Energy-Mind Problem. This classification of what the writer 
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says about his own thinking comprises two main groups of thoughts: those 
which convey his self’s assertions, and ideas which are described as ideas of 
relation. 

Part II, ‘‘ My Thoughts,” where a selection is made from among his own 
thoughts under the following headings: Image of the Self as a System of 
Factors and the Image of the World, Interpreting and Explaining Images, 
Association and Balance, The Human Assembly, and Prospects. These 
various topics concern the writer's relations between his own powers and 
other powers. One chapter gives significance to the expression, ‘explaining 
images.”” Another discusses ‘what I name human needs, from my knowl- 
edge of my own states... .. 

The final chapter considers the prospect of human well-being in the light 
of present-day trends of conduct, and the writer contends that criticism of 
human habits and thought is required, including inquiry into human think- 
ing itself. In this erudite contribution, the author has attempted courage- 
ously the further elucidation of the complex subject, human thought. 


ROENTGEN TREATMENT OF DISEASES OF THE NERVOUS SysTEM. By 
CorNELiIus G. Dyker, M.D., F.A.C.P., Associate Professor of Radiology, 
College of Physicians and Surgeons, Columbia University; Director, 
Department of Radiology, Neurological Institute of New York; and 
Leo M. Daviporr, M.D., F.A.C.S., Chief, Department of Surgery, 
Attending Neurological Surgeon, Jewish Hospital of Brooklyn. Pp. 198; 
12 engravings, 7 charts, 16 graphs. Philadelphia: Lea & Febiger, 1942. 
Price, $3.25. 

THIs monograph is one of that small group of books which gives more 
than it promises. The authors state in their preface that a ‘compilation 
of our present knowledge is timely.”’ A critical survey of the literature 
alone by such competent experts in their fields would have been a great 
contribution in view of the confusion that new apparatus and techniques 
have created in judging the results of Roentgen ray treatment. In reality, 
literature abstracts fill only a iraction of the book, and the results of per- 
sonal experience of the authors over a period of 12 years prevail. Almost 
200 carefully selected cases form the body of the book; of which over 80 are 
described in detail in their surgical and Roentgen ray treatments, their 
clinical course and final outcome. The combination of a neurosurgeon and 
a roentgenologist in the authorship of the monograph prevents any over- 
optimism concerning the curative effect of Roentgen ray therapy in the 
treatment and cure of brain tumors and other nervous diseases. Therefore, 
their true positive results deserve higher evaluation and should encourage 
appropriate application. This well-written booklet will serve as a useful, 
guide for neurologists, neurosurgeons and roentgenologists alike ‘through 
the maze of facts and suppositions that have accumulated in this field.” 


F. L. 


NEW BOOKS 


The Hemorrhagic Diseases and the Physiology of Hemostasis. By ARMAND 
J. Quick, Px.D., M.D., Associate Professor of Pharmacology, Mar- 
quette University School of Medicine, Milwaukee, Wis. Pp. 340; 
9 tables, 23 figures, 1 color plate. Springfield, Ill.: Charles C Thomas, 
1942. Price, $5.00. 

Civilian Health in Wartime. By Francis R. Direvatpe, M.D., Associate 
Professor of Medicine, Harvard Medical School, Mass. General Hospital. 
Pp. 328; several tables. Cambridge, Mass.: Harvard University Press, 
1942. Price, $2.50. 
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Biological Symposia. Vol. IX, Sex Hormones. Edited by F. V. Kocn, 
Frank P. Hixon Distinguished Service Professor of Physiological Chemis- 
try and Chairman of the Department of Biochemistry of the University 
of Chieago, and Puitie E. Smita, Professor of Anatomy, College of 
Physicians and Surgeons, Columbia University. Pp. 145; many figures 
and tables. Lancaster, Pa.: The Jaques Cattell Press, 1942. Price, 
$2.50. 

innual Review of Biochemistry. Vol. X1, 1942. Editor, James Murray 
Luck, Stanford, Univ., and James H. C. Smirn, Associate Editor 
Carnegie Institution of Washington, Division of Plant Biology, Stanford 
Univ., Calif. Pp. 736. Stanford University P. O., Calif.: Annual 
Reviews, Inc., 1942. Price, $5.00. 

Annual Review of Biochemistry. Cumulative Author and Subject Index, 
Vols. | to X. Author Index compiled by Lucite Browne, CHARLOTTE 
W. Grips, Ftora L. Berry P. Jupson, Marian Perers and 
Nancy 8. Smirx. Subject Index compiled by JANer I. Luck. Pp. 344. 
Stanford University P. O., Calif.: Annual Reviews, Inc., 1942. Price, 
$3.50. 

Both an author and subject index are included. The subject index has been 
done in considerable detail and greatly adds to the value of these volumes as works 
ol relerence. J 

Laboratory Directions in Biochemistry. By Vicror C. Myers, M.D., 
Pu.D., D.Sc., Professor of Biochemistry, Western Reserve University. 
Pp. 288; 15 figures, many tables. St. Louis: C. V. Mosby Company, 
1942. Price, $3.50. 

This manual is divided into 4 parts. Part 1 covers the usual qualitative experi- 
ments given in courses in Biochemistry to medical students. Quantitative work 
on urine is also given in this section. Part 2 is devoted to clinical chemistry and 
includes most of the usual quantitative determinations done in a hospital labora- 
tory on gastric and duodenal contents, feces and blood. Part 3 is a special section 
covering the laboratory work for a course in biochemistry for dental students with 
references to many of the experiments in the first two sections. Part 4 is an 
appendix with notes on the use of colorimeters, analytical balance, ete. 

Brief outlines of the courses given to the medical and dental students at Western 
Reserve University are also included. 

Ovarian Tumors. By Samueu H. Geist, M.D., Attending Gynecologist, 
Mount Sinai Hospital; Clinical Professor of Gynecology, College of 
Physicians and Surgeons, Columbia University. Pp. 527; 312 illustra- 
tions. New York: Paul B. Hoeber, Inc., 1942. Price, $10.50. 

Vanual of Standard Practice of Plastic and Marillofacial Surgery. Military 
Surgical Manual I. Prepared and Edited by the Subcommittee on 
Plastic and Maxillofacial Surgery of the Committee on Surgery of the 
Division of Medical Sciences of the National Research Council, and 
tepresentatives of the Medical Department, U. 8. Army. Roserr H. 
Ivy, Chairman. Pp. 432; 259 figures. Philadelphia: W. B. Saunders 
Company, 1942. Price, $5.00. 

Ophthalmology and Otolaryngology. Military Surgical Manuals II.  Pre- 
pared and edited by the Subcommittees on Ophthalmology and Oto- 
laryngology of the Committee on Surgery of the Division of Medical 
Sciences of the National Research Council. Pp. 331; 51 figures. 
Philadelphia: W. B. Saunders Company, 1942. Price, $4.00. 

Carcinoma and Other Malignant Lesions of the Stomach. By WauTMan 
Watters, B.S., M.D., M.S., in Surgery, D.Sc., F.A.C.S., Surgeon, Mayo 
Clinic; Howarp K. Gray, B.S., M.D., M.S. in Surgery, F.A.C.S., Sur- 
geon, Mayo Clinic; James T. Priestiey, B.A., M.D., M.S. in Experi- 
mental Surgery, Px.D. in Surgery, F.A.C.S., Surgeon, Mayo Clinie; and 
Associates in the Mayo Clinie and Mayo Foundation, Rochester, Minn. 
Pp. 576; 143 illustrations. Philadelphia: W. B. Saunders Company, 
1942. Price, $8.50. 
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Abdominal and Genito-urinary Injuries. Military Surgical Manual III. 
Prepared under the Auspices of the Committee on Surgery of the Divi- 
sion of Medical Sciences of the National Research Council. Pp. 243; 
28 figures. Philadelphia: W.B.Saunders Company, 1942. Price, $3.00. 

Biochemistry and Morphogenesis. By JosepH NerrEpHAM, F.R.S., Sir 
William Dunn Reader in Biochemistry and Fellow of Gonville and Caius 
College, Cambridge. Pp. 785; 328 figures. Cambridge: The Uni- 
versity Press— New York: The Macmillan Company, 1942. Price, $12.50. 

The Food You Eat. By Samuru and VioLerre GLAsstone. Pp. 278; 
18 plates. Norman, Okla.: The University of Oklahoma Press, Pub- 
lishing Division of the University, 1942. Price, $2.25. 

The Hospital Care of the Surgical Patient. By GrorGE Critez, Jr., M.D., 
Surgeon, Cleveland Clinic, and FRANKLIN L. SHIVELY, JR., M.D., Assis- 
tant Surgeon, Cleveland Clinic. Pp. 184; 21 figures. Springfield, IIl.: 
Charles C Thomas, 1943. Price, $2.50. 


NEW EDITIONS 


Textbook of Medicine. Edited by Russett L. Cecit, A.B., M.D., Se.D., 
Professor of Clinical Medicine, Cornell University Medical College; 
Associate Attending Physician, New York and Bellevue Hospitals; and 
Associate Editor for Diseases of the Nervous System; and Foster KEn- 
NEDY, M.D., F.R.S.E., Professor of Clinical Neurology, Cornell Uni- 
versity Medical College; Attending Physician, New York Hospital; 
Visiting Physician in Charge, Neurological Service, Bellevue Hospital; 
Consulting Physician, New York Neurological Institute. Fifth edition. 
Pp. 1744; 173 figures, some in color. Philadelphia: W. B. Saunders 
Company, 1942. Price, $9.50. 

This 1-volume text continues the general format used in previous editions, with 
the addition of a number of new contributors bringing the total to 144, most of 
whom are members of medical school faculties. The addition of a significant 
number of well-chosen illustrations is a departure from former editions. Certain 
changes in the arrangement, text, etc., are made in accordance with present-day 
knowledge, with significant references placed at the end of most subjects. The 
book continues to be easily readable, well arranged, and one of the best 1-volume 
textbooks on medicine. T 

The Microscope. By Simon Henry GaaGe, Emeritus Professor of Histology 
and Embryology in Cornell University. Seventeenth Edition. Pp. 617; 
313 figures. New York: Comstock Publishing Company, 1942. Price, 
$4.00. 

Recent Advances in Pathology. By Grorrrey HaprieLtp, M.D., F.R.C.P. 
(Lond.), Professor of Pathology in the University of London; Pathologist 
to St. Bartholomew’s Hospital, Formerly Examiner in Pathology in the 
University of London; and Lawrence P. Garrop, M.A., M.D., B.Cu. 
(Cams.), F.R.C.P. (Lonp.), Professor of Bacteriology in the University 
of London, Bacteriologist to St. Bartholomew’s Hospital, Formerly 
Examiner in Pathology in the University of Cambridge. Fourth Edi- 
tion. Pp. 346; 35 illustrations. Philadelphia: The Blakiston Company, 
1942. Price, $5.50. 

With the 4th edition coming 4 years since the last, the greater part of this book 
has been rewritten in accordance with newer knowledge. ‘Inflammation and 
related phenomena now occupy 2 introductory chapters instead of 1. The chap- 
ters on vitamin deficiency diseases and on essential hypertension, and the exten 
sive sections on crush syndrome and extra-renal azotemia are entirely new 
\s was mentioned in their Ist edition, the authors have continued largely to cot 
fine the text material to those observations related to the commoner problems of 
disease. Although useful to pathologists, those medical workers not in this field 
will probably benefit most from this easily readable volume, which integrates 
the newer knowledge with older established material M. T. 
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THE EXPERIMENTAL NEUROSIS IN ANIMAL AND MAN 


‘Tne lack of experimental method in psychiatry has been one of the 
reasons for the breach which tends to exist between it and other fields of 
medicine. The relative abstractness and complexity of causal factors 
in mental disorders made the experimental approach seem insurmount- 
able until the discovery of the conditioned reflex and the first description 
of an “experimental neurosis’’ by the Russian physiologist, Pavlov. 
With this came the opportunity, still largely unexploited, to study in 
the laboratory the relative importance of various types of conflict 
situations, of genetics and of somatic factors in the production of 
symptoms. The analysis of these symptoms and the detection of 
means for their alleviation also became possible. Abnormal behavior 
has been synthesized in a variety of animals, including the dog, sheep, 
goat, rat, rabbit, cat, pig, pigeon, chimpanzee and ape. In a rudimentary 
way this synthesis has also been accomplished in man. Thus a founda- 
tion has been laid for the science of “comparative psychiatry.” 

Experimental Neuroses in Animals. Definition: Comparison With 
IIuman Psychoneuroses. The term “experimental neurosis,” devised 
by Pavlov,** has been generally accepted to describe abnormal behavior 
of a more or less chronic nature which is produced experimentally. 
Cook” gives the following criteria: (1) the abnormal behavior must 
be maladaptive behavior; (2) it must further be behavior which involves 
a change in a given animal’s responses; and (3) it must be behavior 
which persists at least as long as the animal is in periodic contact with 
the precipitating situation. 

Most observers have carefully avoided identifying the “ experimental 
neurosis’’ of animals with the human psychoneurosis. However, all 
point out similarities in the objective manifestations. Liddell® states, 


‘ 


* Now on active service with the Armed Forces. 
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“Tf we begin matching animal and human situations we involve our- 
selves in insoluble problems. We therefore chose to attempt to stand- 
ardize a neurosis-producing situation, and then to explore in detail the 
psychosomatic consequences of the condition. We have no desire to 
identify the experimental neurosis in sheep with any form of human 
mental disorder. However, its origin suggests similarity to the human 
situation, where difficulties arise under social pressure.” 

Mechanism of Production and Symptomatology. Pavlov’s first neu- 
rotic dog had previously been trained to react to an electrical stimulus 
applied to a skin area by increased salivation (conditioned reflex), 
instead of the normal reaction of defense (unconditioned reflex). When 
the stimulus was applied to a variety of places on the skin instead of a 
specific area, a limit was finally reached. The conditioned reflex was 
lost, a violent reaction of defense appeared and the animal became rest- 
less and excited. 

Probably the best known of Pavlov’s experimental neuroses occurred 
in a dog which had learned to differentiate between a circle, associated 
with feeding (positive or excitatory stimulus), and an ellipse with a 
ratio of semi-axes 2:1, not associated with feeding (négative or inhibi- 


tory stimulus). Further differentiation was attempted by approxi- 
mating the shape of the ellipse to that of the circle. All went well until 
an ellipse with ratio of semi-axes 9:8 appeared. “After 3 weeks of 


work upon this differentiation not only did the discrimination fail to 
improve, but it became considerably worse, and finally disappeared 
altogether. At the same time the whole behavior of the animal under- 
went an abrupt change. The hitherto quiet dog began to squeal in its 
stand, kept wriggling about, tore off with its teeth the apparatus for 
mechanical stimulation of the skin, and bit through the tubes connect- 
ing the animal’s room with the observer, a behavior which had never 
happened before. On being taken into the experimental room the dog 
now barked violently, which was also contrary to its usual custom: in 
short it presented all the symptoms of a condition of acute neurosis.” 

Pavlov‘*> expressed the belief that the experimental neurosis was 
due to one of the following causes: 

1. Excessive stimulation of the inhibitory processes. This occurred 
in the experiment just cited. 

2. Conflict between cortical inhibitory and excitatory processes. 
This mechanism is described in a dog which was able to discriminate 
between a positive tactile stimulus at the rate of 24 per minute and a 
negative tactile stimulus at the rate of 12 per minute. When one type 
of stimulus followed the other without a pause, the animal developed 
signs of a neurosis which lasted 53 weeks. 

3. Extraordinarily strong or unusual stimuli. This is illustrated by 
the results of a flood which made it necessary for the animals to swim 
for their lives through a terrific storm. All of their conditioned reflexes 
disappeared, and one of them developed a chronic neurotic condition. 

Investigation of experimentally produced neuroses have been con- 
tinued in this country by a number of workers, including Gantt," 
Liddell and his associates,'?*8 Dworkin," Cook? and 

Gantt™ has extended Pavlov’s analysis to a study of systems other 
than the alimentary tract. This has included respiratory, circulatory, 
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urinary, sexual and muscular activity in addition to social relationships. 
He describes (1) abnormalities in the rhythm and type of respiration, 
(2) increase of the heart rate, (3) intractable pollakiuria (as frequent 
aus 30 times per hour) and (4) abnormally frequent erections and prema- 
ture ejaculations. The animals tend to improve temporarily after 
sexual relations or after being petted by a human companion. Gantt 
notes “a tendency toward disintegrative action as a psychobiological 
= 

The Cornell University group, led by H. 8S. Liddell, has sueceeded in 
producing chronic neurotic states in a number of animals, notably the 
sheep, using conditioned reflex techniques. Anderson and Parmenter' 
describe three types of procedure that they have successfully employed: 
(1) difficult differentiations, (2) experimental extinctions and (3) rigid 
time schedules. The first procedure is similar to that used by Pavlov 
in the circle-ellipse differentiation. The second consists of following 
the positive (food) stimulus with an exceedingly long series of negative 
(no food) stimuli. The third involves the use of a monotonous routine 
of alternating positive and negative stimuli; 7. ¢., pure tone of 435 cycles; 
shock; 7 minute pause; pure tone of 900 cycles; no shock; 7 minute 
pause; pure tone of 435 cycles; shock; 7 minute pause; pure tone of 
900 cycles; no shock; animal released. With this sequence the condi- 
tioned reflexes increase in strength. Finally the level of excitation is so 
greatly augmented that the animal responds with a positive reaction 
(reaction of defense) to both the positive and negative stimuli and, 
indeed, to accidental noises, finally developing the typical findings of 
an experimental neurosis. “His nervousness is the result of the 
certainty of being confronted with the necessity for making an adequate 
psychobiological adjustment, an adjustment which is impossible since 
he cannot escape from the experimental environment. It does not 
matter whether the stimulations which he is accurately anticipating 
are of an unpleasant or pleasant nature—shock or food.”’ 

Anderson and Parmenter give a detailed description of the manifes- 
tations of the experimental neuroses seen in their sheep and dogs, 
observed over periods as long as 12 years in a single animal: 

1. Hyperirritability, Overactivity to Stimulation and Restlessness During 
the Experiment. Sensitivity to touch or unexpected noise appeared 
among the earliest symptoms. The animal responded by running 
away, trembling or urinating. During the period of stimulation the 
animal seemed ready to react before any cause appeared. Some 
exhibited violent motor reactions and vocalizations. Before each experi- 
ment and in the intervals between stimuli the animals were tense and 
extremely restless; a marked increase in the number of spontaneous 
movements were noted. 

2. Inhibitory Types of Reaction. These were much less frequent than 
the excitatory variety. One dog, who had previously developed the 
hyperexcitable type of behavior noted above, later responded with 
little or no movement for long periods of time. The limbs appeared 
rigid and somewhat resistant to changes in position. They could, 
however, be placed in various abnormal positions. Anderson and Par- 
nenter called this condition “ pseudo-decerebrate rigidity.’ A psychia- 

rist might have called it catatonia with waxy flexibility. In 2 of the 
heep a similar though more transient and localized inhibitory state 
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was observed. Instead of the normal response of flexion of the leg 
following the shock, the animal vigorously extended the leg. The pulse 
was found to be rapid and labile during the interval periods, just as in 
the excitatory neurosis, in spite of almost complete absence of muscular 
movement. 

3. Transfer of the Motor Reaction Pattern. This occurred in several 
of the neurotic animals which had developed spontaneous movements 
of the stimulated leg in the intervals between stimuli. These sponta- 
neous movements shifted to other muscle groups, such as the opposite 
leg or the head and neck. The authors suggest the similarity between 
this shift and the unaccountable transfer of pains in neurotic patients 
from one location to another. 

Diurnal Neuromuscular Activity. The activity in a 24 hour day 
was measured by means of a pedometer attached to the foreleg. The 
total activity in the neurotic animal was not particularly different than 
that in the normal animal. The neurotic, however, showed about as 
much activity during the night as during the day, whereas the normal 
showed little or no activity during the night. The neurotic animal, 
like the neurotic human, apparently suffers from insomnia. 

Respiratory Manifestations. “One of the most noticeable changes 
marking progress of the experimental neurosis in the sheep as seen in 
the laboratory is the increase in the average respiratory rate as well as 
changes of pattern and rhythm which accompany it.” The animals 
were studied not only in the laboratory but also in the barn, using a 
“long distance’’ pneumograph. Frequent apneic pauses were some- 
times followed by deep inhalations and exhalations. 

6. Cardiac Manifestations. “Sheep in which an experimental neu- 
rosis has been de veloped reveal, upon examination, a cardiac disorder 
which is characterized by a rapid and irregular pulse and by extreme 
sensitivity of the heart’s action to conditioned and other stimulation. 
Rapid increases of rate occur in response to mildly startling stimuli 
which have no effect upon the pulse of the normal sheep. Spontaneous 
variations of rate are observed both in the barn and in the laboratory. 
Conditioned stimulation produces a considerable and long-continued 
increase in pulse rate associated with premature beats and sometimes 
coupled rhythm.’ 

7. Micturition and Defecation. The neurotic sheep characteristically 
retained his urine and feces until the termination of the experiment. 
As soon as the experimenter began to release the animal, urination and 
defecation occurred. This did not happen in normal sheep. Neurotic 
dogs frequently urinated during episodes of excitability but did not 
defecate. 

8. Social and Emotional Manifestations. Shyness was one of the 
most striking symptoms exhibited by both the neurotic dogs and 
neurotic sheep. They tended to remain alone, lacking the gregarious- 
ness seen in the normal. When it was necessary for them to get their 
food from a common source, they went hungry. The dogs did not join 
in the playful running and barking activities of their neighbors. When 
cornered, these shy neurotic animals became : aggressive and would bite, 
struggle or kick. The sheep exhibited no change in their sexual reac- 
tions. One of the neurotic male dogs lacked interest when a bitch in 
heat was placed in the pen with him. 
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Liddell™ takes exception to Pavlov’s hypothesis that the cause of the 
abnormal behavior is a clash between intense cortical excitations and 
inhibitions. He points out that animals allowed to run at will in a maze 
attempting to solve extremely difficult problems never develop dis- 
turbances. Some of these same animals soon become neurotic when 
confined in the laboratory. “ We believe that the experimental neurosis 
is caused by the equivalent of a human conflict situation. The dog or 
sheep standing quietly in the harness has through habit relinquished 
its neuromuscular freedom. When such an animal is called upon to 
anticipate food or shock at certain intervals but not at others it cannot 
escape the issue. Its reaction, whether motor or secretory, represents a 
decision arrived at. When the task of making the necessary decision is 
beyond the individual’s capacity, its nervous system undergoes a drastic 
change in its mode of functioning and the signs of experimental neurosis 
appear.” 

This concept has been tested in Liddell’s laboratory by Sutherland 
and Curtis,® using the pig. It has been verified by Dimmick, Ludlow 
and Whiteman’ in the cat and by Cook” and Witkin’ in the rat. Dwor- 
kin has made another contribution, although his experiments involved 
different animal species. Harnessed dogs and free-moving cats were 
subjected to a situation involving delicate sound discrimination. Only 
the harnessed dogs developed severe neurotic disturbances, in spite of 
the cat’s poorer ability in discrimination of sounds. Cook” attempted 
to produce abnormal behavior in the white rat by a variety of methods. 
He was successful with only one. In this method the rat was placed 
in a stand during the period of experimentation and all movement save 
struggling was impossible. The unsuccessful methods were essentially 
similar to the successful, involving opposing excitatory and inhibitory 
responses, save for the lack of restricted movement. Like Liddell he 
concludes, “ If, in a stressful situation, activity other than that involved 
in the critical response is sufficiently limited an ‘experimental neurosis’ 
will result.”’ 

Maier,” on the other hand, describes the production of abnormal 
behavior in the rat under conditions of frustration. Unusual motor 
phenomena, especially seizures, appeared when the animals were con- 
fronted by food which is unattainable on one end and an objectionable 
stimulus, such as a blast of air, on the other. He expresses the belief 
that this frustration is a different type of situation than Pavloy’s con- 
flict between inhibitory and excitatory processes and Liddell’s concept 
of the importance of restriction of neuromuscular freedom. His work 
has been challenged by Morgan”? who notes that seizures did not appear 
in Maier’s rats in the absence of an acoustic stimulus. Morgan was 
able to produce seizures as frequently with auditory stimuli alone as 
with auditory stimuli combined with “conflict.” He therefore con- 
cludes that the seizures are purely audiogenic in nature. 

Karn'® has noted abnormal behavior in an unrestrained cat attempt- 
ng to solve a problem in a double alternation temporal maze. 

Susceptibility to Experimental Neuroses (Réle of “ Constitution’’). 
\lmost all investigators have agreed that the development of a chronic 
havior disturbance is limited to a fraction of all animals tested. 
Pavlov related this susceptibility to the basic “temperament” of the 
inimal. He noted the appearance of neurotic behavior only in dogs 
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which were of the “melancholic” type (timid and docile with predomi- 
nance of inhibitory processes) or of the “choleric”” type (excitable and 
aggressive with predominance of excitatory processes). Initially well- 
balanced animals (“ phlegmatic”’ or “sanguine” types) never developed 
chronic disturbances in behavior. 

Of 3 dogs that Gantt subjected to identical conflict situations,’ only 
| developed a “chronic and apparently incurable neurosis.” Anderson 
and Parmenter stated that but 7 out of 28 sheep and 3 of 26 dogs which 
they studied developed experimental neuroses. Furthermore the time 
of development varied from as little as 10 days to as long as 7 years 
from the beginning of an experiment. Cook stated that his rats pos- 
sessed varying degrees of constitutional predisposition. Three of 6 ani- 
mals used in one experiment developed chronic symptoms of abnormal 
behavior. 

As yet, no controlled study of the relationship of heredity to suscep- 
tibility to the experimental neurosis is available. 

Somatic Factors. Gonads: Pavlov and Petrova‘ studied the activity 
of dogs before and after castration. After castration the conditioned 
reflexes were chaotic. Abnormal behavior occurred not only in the 
“melancholic” and “choleric”’ types of animals but also in previously 
well-balanced animals. It tended to be transient in the latter. ‘* Num- 
erous experiments have shown that the main feature of the nervous 
activity of castrates is mostly a greatly weakened inhibitory process.” 
Thyroid: Thyroidectomy appears to effect the behavior of the dog 
more than that of the sheep.' Profound weakness or disappearance 
of the conditioned motor and salivary reflexes was observed in thyroid- 
ectomized dogs. It is noteworthy that administration of 1 gm. of 
thyroid extract daily to neurotic sheep did not aggravate the condition. 
Adrenals: The possible réle of the adrenals has been suggested by 
the report of Liddell and his coworkers* on the effects of administration 
of extracts of adrenal cortex to neurotic sheep. Nervous symptoms 
were improved and the vigor of the conditioned reflex was increased. 
Adrenalin, on the other hand, increased the behavior disturbances and 
decreased the vigor of the conditioned reflex. Cerebral cortex: Jacob- 
sen, Wolfe and Jackson'* produced a neurotic disturbance in a chimpan- 
zee in the course of experiments testing recent memory. After extirpa- 
tion of both frontal lobes the animal became more friendly and had no 
further temper tantrums in spite of a great increase in the number of 
errors made during the testing procedure. 

Treatment. The therapeutic armamentarium has consisted of (1 
rest, (2) sedatives, (3) eliminating the “conflict” and (4) hormones. 

Rest has seldom succeeded in producing permanent alleviation of 
symptoms. Pavlov noted that 1 animal, after being alone “for a 
very long time,” spontaneously recovered. Anderson and Parmenter 
observed a spontaneous remission in a senile sheep who had tenaciousl) 
clung to his neurosis for 9 years, although the animal had previous!) 
been exposed to long periods of rest and other attempts at therapy. 
They gave 1 animal a “rest cure” for 3 years, only to have the neurosis 
reappear after 5 days of experimentation. In 1 of Gantt’s dogs, a rest 
of 18 months in the laboratory was not followed by improvement. A 
2-months’ vacation on a farm resulted in marked improvement until 
the animal returned to the laboratory, when the symptoms returned 11 
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several weeks. After another 18-months’ rest in the country, the 
neurotic symptoms reappeared, though less severe, in the laboratory. 

Pavlov believed that the most effective therapeutic agent for his dogs 
to be the administration of bromides over a period of about 10 days. 
‘The temporary use of this drug resulted in permanent improvement in 
excitable, neurotic dogs. He believed that bromides do not act by 
diminishing the excitability of the nervous system, inasmuch as positive 
conditioned reflexes remained constant after its use, but that it strength- 
ens the intensity of internal inhibition. Dworkin, Raginsky and 
Bourne! verified the persistent effect of this drug. Neurotic symptoms, 
they found, were quickly abolished by sodium amytal, nembutal, alco- 
hol and avertin, but these symptoms returned within 24 hours. Ander- 
son and Parmenter agreed that single doses of sodium amytal and 
alcohol have only transient effect; the same applied, however, to a single 
dose of sodium bromide. Continued administration of small doses of 
phenobarbital to a neurotic sheep resulted in definite decrease in 
‘“nervousness’’ and increase in coéperation. This improvement was 
maintained after cessation of the drug, although the authors felt that 
this may have been on the basis of a spontaneous remission. 

A type of desensitization has been successfully utilized by Anderson 
and Parmenter. One of their dogs developed the typical symptoms of 
an experimental neurosis after being completely unable to make a 
successful differentiation between the metronome beating at the rate 
of 120 per minute (followed by a shock) and the metronome beating 
at the rate of 36 per minute (not followed by shock). When the sound 
of a buzzer was added to the negative stimulus, the animal succeeded 
in making the differentiation. It then became practically normal and 
continued so during the remaining year of the experiment. 

Improvement following the use of extract of adrenal cortex has 
already been noted. 

Experimental Neuroses in the Human. [Experimental production of 
abnormal behavior in the human, partly of necessity, has been some- 
what limited. A start in this direction, however, has been made by 

|) the conditioned reflex technique employed by Krasnogorski,”° (2) 
the creation of complexes in the hypnotic state as suggested by Luria”! 
and (3) the techniques of topologic and vector psychology described 
by Lewin and his colleagues.**! 

Conditioned Reflexes in Children. Krasnogorski has used the classical 
conditioned reflex techniques of Pavlov. Behavior disturbances were 
produced by difficult differentiations and delayed reactions. Under 
these experimental conditions the children reacted much the same as 
Pavlov’s dogs. Loss of the conditioned reflex, restlessness, irritability, 
social behavior and refusal to return to the laboratory were among 
the symptoms noted. 

The Luria Technique. Artificial emotional complexes are created 
vhile the subject is under deep hypnosis. For example, the hypnotized 

ubject is given the following instructions: “When you come into the 
xperimental room and sit before the apparatus, you will want to repeat 
wo words—red and blue, red and blue. However, you will not be 
ble to speak them, although they will continue to be present in your 
ioughts.”’ Thus two obligatory but opposing tendencies are created. 
n the post-hypnotic period the subject, having an amnesia for the 
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suggested complex, is asked to associate freely, to repeat the names of 
various colors including the disturbing ones or to define the color of 
objects such as blood. When he finds himself unable to carry out these 
simple requests— without conscious reason—he becomes perplexed and 
upset. An acute disorganization of behavior may be induced as shown 
by the disturbance in the character of the associative processes and by 
increased tension and tremor which is recorded on a kymographic tracing. 

This method has been utilized by Huston, Shakow and Erickson," 
Erickson and Eisenbud."* The latter produced symptoms in a sus- 
ceptible subject by suggesting hostile, aggressive impulses during the 
hypnotic period.“* Although the subject was not consciously aware 
of these impulses in the awakened state, he complained of headache 
and irritability. Using a modification of the Luria technique, Eisenbud 
tested the hypothesis that the excitement of the parasympathetic divi- 
sion of the autonomic nervous system varies with the function of repres- 
sion. This was done by substituting measurements of parotid gland 
secretion and of gastric motility for the association procedure used by 
Luria. 

Topologic and Vector Psychology. This is essentially a mathematical 
approach employing psychobiologic data. The topologic situation 
consists of the individual in his own life space. The individual's per- 
sonality structure may be differentiated into his inner personal regions, 
consisting of needs, goals, aversions and so forth, and a surrounding 
motor perceptual region, by which the inner personal regions make con- 
tact with the outer world. The needs, goals and aversions of the indi- 
vidual give rise to tension systems, which induce in turn corresponding 
environmental regions to acquire positive or negative valences. The 
interaction between tension systems and valences results in a force 
acting on the individual, drawing him toward regions of positive valence 
and repelling him from regions of negative valence. The magnitude 
and direction of the forces may be ascertained; hence they are defined 
as vectors. When the individual is suspended between opposing vectors 
of the same magnitude, a conflict situation results. The concept may 
be illustrated as follows: 

A child desires a piece of candy. The child’s mother will punish him 
if he takes it. The child’s desire, representing an inner personal region, 
causes the candy to assume a positive valence. The fear of punishment 
assumes a negative valence, hence represents an opposing vector. Thus, 
a conflict situation is established. 

Dembo® and Brown,® using this concept, have established experi- 
mental methods which subject the individual to severe frustration and 
subsequent disorganization of the personality. The subject is requested 
to solve a problem for which no solution exists. Not being aware of 
this, emotional tensions arise which may result in regressive types of 
behavior. 

Conclusion. The experimental method opens a valuable testing 
ground for the hypotheses of psychopathology and for the concepts of 
psychosomatic medicine. It should not be expected to supplant the 
historical, analytical approach of psychiatry, but rather to be a useful 
adjunct to it. 

ALBERT J. Lubin, M.D 
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THE ETIOLOGY AND PATHOGENESIS OF ACUTE 
HEMORRHAGIC PANCREATITIS* 


I. Introduction. Acute pancreatitis, as it occurs in man, seems to be 
manifest in two different forms which present a similar clinical picture 
at their onset, but which follow strikingly different clinical courses 
and have vastly different prognoses. Both forms are characterized 
by the sudden dramatic onset of constant, agonizing, epigastric pain, 
accompanied by marked prostration. There are usually epigastric 
tenderness and rigidity, nausea and vomiting, and moderate fever 
ind leukocytosis. Various other signs and symptoms may be present, 
ut in general the picture is one of an acute abdominal catastrophe, 

* This paper was originally submitted, in more detailed form, by the author as 
student requirement in Pathology, in the University of Pennsylvania.—Epiror. 
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occurring in the upper half of the abdomen, which is not specific for 
either form, and not very different clinically from other conditions 
such as a perforated peptic ulcer, acute cholecystitis, and intestinal 
obstruction. 

In a few hours to a few days, the picture presented by the two forms 
starts to diverge markedly. 

In one form the disease follows a fulminant course characterized by 
shock and the picture of a profound toxemia, and terminates fatally, 
in the majority of cases, in a few days to a few weeks. In the other form, 
the disease seems to be at or very near its peak almost at the time of 
onset. This picture persists for from several hours to a few days and 
then subsides, usually without residual symptoms. The pancreas in 
the fulminant form is the seat of varying degrees of hemorrhage, necrosis 
and/or suppuration; in the benign form there is only marked edema of 
the pancreatic and peripancreatic tissues. The varied pathologic lesions 
seen in the fulminant form have been considered by some authors to be 
states of one pathologic process and they have called the disease “ Hem- 
orrhagic Necrosis of the Pancreas,’”’ “ Hemorrhagic Pancreatic Necro- 
sis,’ “ Aeute Pancreatic Necrosis,” and “ Acute Hemorrhagic 
Pancreatitis” 4667.76 others™> have classified it into three groups 
depending upon which pathologic lesion was dominant. This form 
seems to be a clinical entity regardless of the specific lesions; for it I 
shall use the term acute hemorrhagic pancreatitis in this sense through- 
out this paper. The mild form has been called “ subacute pancreatitis, ’’® 
“acute interstitial pancreatitis,’**** or “acute edematous pancreat- 
itis’’.'6 17 ,29 69 

Fitz,** in 1888, gave the first accurate description of acute hemorrhagic 
pancreatitis, and since that time this form of the disease has held a 
fairly prominent place in medical literature. Archibald! in 1913 called 
attention to edema of the pancreas as a result of experimental study 
of hemorrhagic pancreatitis in animals, and in 1924 Zoepffel® differenti- 
ated 4 cases of acute edema of the pancreas seen at operation from 
7 cases characterized by hemorrhage and necrosis of the pancreas. In 
1933 Elman’? collected 33 cases from the literature and presented them, 
together with 4 of his own cases, “to establish as a clinical and patho- 
logic entity, the undoubted occurrence of a special type of acute pan- 
creatic disease, tentatively designated as acute interstitial pancreatitis, 
which is characterized by the presence of edema, swelling and indura- 
tion of the pancreas without necrosis, hemorrhage, or suppuration.”’ 
Since that time this form of the disease has been fairly widely recognized 
by the medical profession. 

The term “acute pancreatitis’”’ as used in the literature from 1880 
until 1933 refers only to the fulminant form of the disease. During 
this time acute pancreatitis was considered a rare disease with an 
extremely high mortality. Despite its infrequent occurrence it was the 
subject of a considerable amount of investigation, and its etiology and 
pathogenesis were the source of much study and controversy. Because 
of this fact most of the information relative to the etiology and patho- 
genesis of acute pancreatitis pertains to the fulminant form of the 
disease only, and experimental work has been largely directed toward the 
production and study of hemorrhagic pancreatitis. 

It is important to remember that when much of this work was done 
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the edematous form of the disease was not recognized and that this 
may have been the source of confusion in some instances. Careful 
scrutiny of clinical studies of acute pancreatitis strongly suggests that 
this factor has been responsible for some of the discrepancies that exist 
in the literature, especially in regard to case-fatality statistics. Its 
influence upon experimental studies also probably has been important. 

The relationship between these two forms of acute pancreatitis is 
unknown at the present time and accurate classification awaits further 
knowledge of their etiology and pathogenesis. With this in mind as a 
future objective, it is the purpose of this paper to review some of the 
clinical and experimental evidence bearing upon the etiology and patho- 
genesis of acute hemorrhagic pancreatitis. 

II. Pathologic Anatomy of Hemorrhagic Pancreatitis 674 
The pathologic changes seen in the pancreas in hemorrhagic pancre: ititis 
are varied depending upon the degree of hemorrhage, necrosis, and/or 
suppuration present. In some cases hemorrhage into the pancreatic 
parenchyma may be massive, amounting to what has been called 
“pancreatic apoplexy,” and no necrosis or suppuration may be seen. 
In other cases there may be massive necrosis of the gland with very 
little hemorrhage or suppuration. In still other cases, the gland may 
present only one or several areas of suppuration and occasionally the 
entire gland is involved, with formation of a large sequestrium. It is 
believed that these latter cases are true abscesses due to bacterial infec- 
tion. They are uncommon. In other words, it seems that any one of 
these 3 lesions may be present in the pancreas in cases showing the 
typical clinical picture of acute hémorrhagic pancreatitis. In the 
majority of cases seen at operation or autopsy there is one large or 
several smaller areas of necrosis with a considerable amount of hemor- 
rhage into the adjacent parenchyma. 

Many workers believe that in most cases these various lesions repre- 
sent stages of one fundamental pathologic process. Others consider 
the three lesions to be the result of different processes and classify this 
disease into three pathologic types on the basis of dominant lesion. 
Of the authors who consider these lesions to be stages in one process, 
some hold that hemorrhage is the fundamental lesion and that it causes 
the necrosis. Others** hold that necrosis of the parenchyma is the 
primary lesion and that when the process causing necrosis involves 
blood-vessels, hemorrhage may occur. Almost all agree that if the 
patient lives long enough the process will localize and form an abscess. 
Likewise most workers agree that in some cases bacterial infection may 
cause suppuration and abscess formation which may or may not be 
accompanied by hemorrhage. 

Rich and Duff® believe that the primary lesion, except in cases due 
to bacterial infection, is a necrosis of the walls of blood-vessels involving 
chiefly the adventitia and media, which is difficult to differentiate from 
the arteriolar necrosis seen in the kidney in malignant hypertension. 
They feel that this lesion is characteristic in man and can be reproduced 
in animals by the digestant action of trypsin on vessel walls. Hemor- 
rhage occurs due to rupture of the area of necrosis in the wall. The rest 
‘f the microscopic picture varies with the dominant gross lesion. There 
s usually an inflammatory edema of the gland with polymorphonuclear 
nfiltration of varying degrees. 
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III. Clinical Observations Bearing Upon Etiology and Pathogenesis 
of Hemorrhagic Pancreatitis. 4. Relation of Acute Pancreatitis to Dis- 
ease of the Biliary Tree. Practically no one who had studied a series of 
cases of acute hemorrhagic pancreatitis has failed to point out the high 
incidence of chronic cholecystitis and cholelithiasis in these cases. This 
was noted by Fitz™ in 1888 and has since been verified many times. 
Some of the more extensive studies which have been concerned with this 
factor are given in Table 1. 

Thus, as Wangensteen, Leven and Manson® have stated, “clinically 
the common denominator... .of acute hemorrhagic pancreatitis is 
associated disease of the biliary tract.”’ 

The majority of the studies in which this factor has been considered 
were presented before 1933, and they dealt only with cases of acute 
hemorrhagic pancreatitis. In light of these reports it is clearly estab- 
lished that, though the incidence reported by various authors varies in 
degree, it is certainly high in all of them. Dragstedt* and his coworkers 
have summed this factor up very well by stating that about 60% of 
cases of hemorrhagic pancreatitis in man are associated with chronic 
gall bladder disease. It is much less commonly associated with acute 
cholecystitis. 


TABLE 1.— PUBLISHED Data ON HEMORRHAGIC PANCREATITIS* 
Associated Associated Associated Normal 
Cases of with chronic with with acute gall 
hemorrhagic cholecystitis, cholelithiasis, cholecystitis, bladder 
Author pancreatitis % % 
Egdahl 105 $2 
Gulecke 137 59 
von Schmieden and 
Sebening: 
Collected 1278 70 
Personal 38 81 
Eliason and North 
Collected 232 71 66 29 
Personal 14 
Me Whorter 64 33 10) 22 39 
Fallis and Plain 26 57.7 60 15.4 26.9 
Lewison 35 70 80 ; 20 


* Modified from Lewison.* 


B. Obesity has also been reported frequently to be a very common 
finding in acute pancreatitis." 7!%5°84 Since this factor is also com- 
mon in disease of the gall bladder, its significance in acute pancreatitis 
is questionable.** 

C. It is likewise well established, that acute pancreatitis occurs com- 
monly after the ingestion of a heavy meal,?!**5“ and recently observers 
have noticed that it may also follow bouts of alcoholism.“ 

IV. Etiology of Hemorrhagic Pancreatitis. 1. Classification. Lewison* 
modified MeWhorter’s** classification of the etiology of acute pan- 
creatitis and presented a very complete survey of the factors which 
have been known to cause acute hemorrhagic pancreatitis, or which 
have been offered as theories of its etiology. This classification is made 
without regard to the relative incidence of the various factors, but is of 
value because of its all-inclusive nature. This classification with some 
modifications is as follows: 
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I. Pancreatitis of Infectious Origin 
\. Invasion of the pancreas along the lymphatics 
B. Invasion of the pancreas from the blood stream 
C. Infection by extension along the pancreatic ducts from the duodenum or 
from the bile ducts 
1). Invasion by direct extension from infected foci 
E. Invasion following activation of bacteria in the normal gland 
F. Invasion by bacterial spread through the walls of adjacent altered viscera 
Il. Pancreatitis of Non-infectious Origin 
\. Due to reflux into the pancreatic duct of: 
1. Bile—incident to 
(a) Stone at ampulla of Vater 
(b) Spasm of sphincter of Oddi 
(c) Edema of ampulla of Vater 
(d) Miscellaneous 
2. Duodenal contents 
B. Obstructions of the pancreatic ducts by: 
1. Epithelial metaplasia 
2. Miscellaneous factors as 
(a) Tumors 
(b) Stricture 
(c) Edema 
(d) Stone at ampulla*of Vater 
C. Trauma 
1). Vascular accidents 
(a) Embolus 
(b) Thrombosis 
(c) Rupture 


[11. A Combination of Two or More Factors 


This classification will be followed in the discussion of the etiology of 
hemorrhagic pancreatitis. 

B. Hemorrhagic Pancreatitis of Infectious Origin. That bacterial 
infection of the pancreas may cause the typical picture of hemorrhagic 
pancreatitis has been established by numerous autopsy reports of un- 
doubted cases in which this has occurred." 4% 

1. Rare Sources. Cases due to hematogenous spread of infection are 
reported by competent workers.” -* This is also true of cases due to 
spread of infection by direct extension from an adjacent infected focus.” 
However, it is generally believed that this is a rare occurrence. Its 
chief significance lies in the fact that the typical clinical picture of acute 
hemorrhagic pancreatitis can be produced by this means. It cannot be 
denied that infection by direct extension along the pancreatic ducts 
from the duodenum or the common bile duct may occur, but this lends 
itself less readily to verification and has not been clearly established. 
It seems certain that this, too, is a very rare cause of hemorrhagic pan- 
creatitis. Invasion by bacterial spread from the walls of a distended 
loop of gut has been suggested,** but it likewise is rare, and in most 
instances would merely constitute a complication of peritonitis due to 
localization in the pancreas.” Statistically it is of little etiologic sig- 
nificance. 

The question of activation of bacteria normally present in the pan- 
creas was raised by Tower” and elaborated by Dragstedt™ in 1934. 
This problem requires further discussion but it should be considered 
under pathogenesis rather than under etiology. 

2. The Lymphogenous Theory. The theory of lymphogenous spread 
of infection held a very prominent place in the discussion of the etiology 
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of hemorrhagic pancreatitis in the first two decades of the century. 
This theory found its basis in the frequent occurrence of chronic chole- 
cystitis in cases of hemorrhagic pancreatitis. Maugeret*’ brought 
this theory into the limelight; Deaver,”'* Sweet,’® Graham,**’ and Judd*? 
were its ardent proponents in this country. This theory held that 
acute (and chronic) pancreatitis is usually the result of bacterial infec- 
tion of the pancreas and that this most commonly occurs by spread 
“over the anastomosing network of lymphatics in the retroperitoneal 
tissue which connects the gall bladder with the pancreas.’ 

This theory was criticized by Archibald? on the basis that the spread 
of infection by this route would be blocked by intervening nodes and 
would demand retrograde flow of lymph. Sir Berkley Moynihan® 
countered this argument by postulating that chronic infection may well 
have blocked the nodes draining the gall bladder and this would cause 
a retrograde flow of lymph to the pancreas. 

This controversy was highly productive and stimulated valuable 
investigations, but the lymphatic theory soon fell by the wayside. 
Kodama,” in an excellent study, failed to demonstrate direct lymphatic 
connections between the gall bladder and the pancreas. Graham and 
his coworkers* accepted this work and withdrew their support of the 
lvmphatie theory. Archibald? pointed out that cultures of peritoneal 
exudate are usually negative in hemorrhagic pancreatitis. Wangen- 
steen et al.” presented convincing and rather conclusive evidence 
against the lymphatic theory. His arguments are as follows: 1, Necro- 
sis of pancreas did not once follow the establishment of acute chole- 
cystitis in animals; 2, direct injection of bacteria into the pancreatic 
parenchyma failed to produce necrosis; 3, in phlegmonous or gangrenous 
cholecystitis the complication of clinical acute hemorrhagic pancreatitis 
is unusual; the association with chronic cholecystitis is common. “If 
lvmphogenous infection were the chief etiologic factor in hemorrhagic 
pancreatitis, we would certainly expect to see it more commonly with 
the acute form of cholecystitis, for it is well known that lymphangitis 
is common with acute infections and rare in chronic infections. Were 
this ‘lymphatic theory’ true, it would be difficult to explain the safety 
of conservative treatment of acute cholecystitis.””” 

These arguments, plus the fact that cultures from the gland and 
peritoneal exudate are commonly sterile in hemorrhagic pancreatitis, 
have led Wangensteen, Manson and Leven” to conclude that “lympho- 
genous spread of infection very rarely may be held responsible for acute 
hemorrhagic pancreatitis.” 

In summing up the current concept of infectious origin of acute 
hemorrhagic pancreatitis, we may say that while infection, reaching 
the pancreas by various routes, may precipitate acute pancreatitis, 
this is an uncommon occurrence. If it does precipitate acute pancreat- 
itis, the pancreatitis is usually of the suppurative variety,“ but most 
authors agree that occasionally hemorrhagic pancreatitis in its typical 
form may result from infection. 

(. Acute Hemorrhagic Pancreatitis of Non-infectious Origin. Turn- 
ing to the non-infectious origin of pancreatitis we again find listed in the 
foregoing classification, factors which seem to have been proven to 
cause hemorrhagic pancreatitis, but which are responsible for only a 
very small percentage of cases seen in man. 
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lL. Uncommon Causes. (a) External Trauma. External trauma to 
the pancreas is infrequent, but if moderately severe, it not infrequently 
is followed by acute hemorrhagic pancreatitis.“ However, its total 
incidence is so small that it is responsible for very few of the cases 
reported in the literature. Its chief significance lies in the fact that it 
can produce the typical picture of acute hemorrhagic pancreatitis. 
Some workers” believe that they have successfully utilized this method 
to produce hemorrhagic pancreatitis in experimental animals. 

(b) Vaseular Accident. Arterial embolism, and arterial and venous 
thrombosis have been reported as the primary etiologic factor found 
at autopsy in cases of hemorrhagic pancreatitis.» Tower,” investi- 
gating this factor, found that she could regularly produce severe toxemia 
and death with the typical picture of acute hemorrhagic pancreatitis 
by tying off a sufficient portion of the blood supply to the pancreas in 
dogs. She questioned her own results because cultures of the peritoneai 
exudate were positive in all cases. 

Dragstedt and his associates* state that the condition is not readily 
produced in animals by ligation of the blood supply to the pancreas. 

Smyth® reported that the production of infarcts in the pancreas by 
intra-arterial injections of mercury resulted in local areas of necrosis, 
but in no case did he produce the typical spreading type of hemorrhagic 
pancreatitis. 

2. Reflux of Bile. The common channel theory of Opie® holds 
that the great majority of cases of acute hemorrhagic pancreatitis are 
caused by the reflux of bile into the duct of Wirsung. This occurs when 
an obstruction, organic or functional, at the ampulla of Vater converts 
the common duct and the duct of Wirsung into a common channel. 
‘This theory found its origin in 1901 when, in performing an autopsy on 
Halsted’s case of acute hemorrhagic pancreatitis, Opie found a small 
gall stone impacted at the ampulla of Vater converting the ductus 
choledochus and the duct of Wirsung into a common channel. Opie 
demonstrated that by pressure on the gall bladder, bile could be forced 
into the duct of Wirsung. From this finding and subsequent studies he 
concluded that the explanation for the common association of acute 
hemorrhagic pancreatitis and biliary tract disease is the occurrence of 
reflux of bile into the pancreatic duct, incident to an impacted calculus 
at the ampulla of Vater. His classic description of this autopsy at- 
tracted much attention and provoked a long series of valuable and 
enlightening experiments by many workers. 

At the present time the common channel theory is the most common 
mechanism offered to explain the relationship of acute pancreatitis to 
chronic cholecystitis. It has been subject to much clinical and experi- 
mental investigation, and is now reasonably well established. However, 
the problems it has raised are not entirely settled. 

The validity of this theory is absolutely dependent upon the proper 
anatomic arrangement of the entrance of the ductus choledochus and 
the duct of Wirsung into the duodenum. It is essential to this theory 
that the ducts unite to form an ampulla before they empty into the 
duodenum. This has been the subject of numerous investigations and 
some controversy. 

A tabulation of results obtained by various workers investigating this 
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factor is given in Table 2. 
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TasBie 2. PusBLIsHED Data ON THE RELATIONS OF THE DUCTS AND THE 
AMPULLA OF VATER* 
(Cases in whicl 
stone at the 
ampulla might Cases in which 
form a common the ducts emptied 
No. of Common ampulla, channel separately, 
Ruge 13 75 
Opie 100 SO 30 11 
Baldwin 90 78 32 
100 32 
von Schmieden and Se- 
bening 35 32 
Judd 170 t 5 
Mann and Giordano 200 3.5 
Cameron and Noble 100 74 66 
Belou 50 54 30 


* Modified from Colp and Doubilet.'* 


Following discovery of the impacted calculus, Opie,’ in 1901, 
analyzed 100 autopsy specimens and found that a common opening 
into the duodenum existed in 89% of cases. However, he concluded 
that in only about 30% of these cases was the distance from the ostium 
to the apex of the ampulla great enough to allow the formation of a 
common channel by an impacted biliary calculus. Mann and Giordano*® 
questioned the theory of biliary reflux, and reported that in only 3.5% 
of 200 autopsy specimens examined by careful dissection was it ana- 
tomically possible for impaction of a stone at the ampulla of Vater to 
convert the common duct and the main pancreatic duct into a common 
channel. Since all previous specimens had been examined by dissection 
after fixation, Cameron and Noble” attempted to study fresh material 
by more physiologic methods. They examined 100 fresh specimens by 
introducing a small biliary calculus into the ampulla of Vater and inject- 
ing colored fluid into the common duct. By this method they were 
able to demonstrate regurgitation of fluid into the duct of Wirsung in 
66% of 100 routine autopsy specimens. This work has been generally 
accepted as answering the question conclusively. Thus, as Dragstedt™ 
and others*:”!.* have stated, from this work we can reasonably assume 
that in 60% to 70% of cases the anatomic arrangement of these ducts 
is such that a common channel may conceivably be created. 

Accepting this, it remains to be shown, as numerous workers have 
pointed out*4*. that bile will flow into the pancreatic duct if a com- 
mon channel is created. Evidence bearing upon this question may be 
procured from several different sources and may be summarized as 
follows: 

(a) Evidence From Animal Experimentation. Mann and Giordano*® 
ligated the bile duct below the entrance of the pancreatic duct in a 
series of adult goats. They found that bile was not forced into the 
pancreas except after a considerable period of time, and that when it 
did infiltrate the pancreas under maximal physiologic pressure, acute 
hemorrhagic pancreatitis did not occur. 

Bisgard and Baker* repeated the work of Mann and Giordano and 
found that hemorrhagic pancreatitis did result in very young goats but 
not in adult goats, indicating that reflux does occur in younger animals. 
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Wangensteen, Leven and Manson® produced a common channel in 
cats and found that bile passed into the pancreas. Since they found 
this to occur most regularly after a fat meal, they believed that con- 
traction of the gall bladder was an important factor. 

In 1931, Wolfer*® produced a common channel in dogs by connecting 
the two ducts by means of a cannula, and found that pancreatic juice 
regularly flowed into the biliary tree. 

Bottin® anastomosed the bile and pancreatic ducts in dogs and failed 
to produce pancreatitis. 

(b) Evidence of Direction of Flow in Man. Numerous reports are 
available in which pancreatic juice has been demonstrated in the drain- 
age from the gall bladder or the common duct. Some of these are as 
follow S: 

Bisgard and Baker* reported a case in which pancreatic enzymes were 
demonstrated in drainage from the common duct. They concluded 
that this was not due to duodenal reflux because particles of dye and 
of charcoal fed the patient failed to appear in the drainage. 

Popper” found an increase in amylase in bile (usually from the gall 
bladder) obtained at operation in 17% of 219 cases studied. 

Colp and Doubilet'*!'® found amylase in the biliary drainage in 4 of 
14 cases operated for acute cholecystitis and in 10 of 35 cases of chole- 
lithiasis or choledocholithiasis. They also reported that in 7 of 10 cases 
in which amylase was demonstrated, the duct of Wirsung was visualized 
by cholangiography. 

Certain it is that pancreatic reflux into the biliary tree during external 
drainage of bile occurs in a considerable number of cases, and we are 
coming to realize that it is much more frequent than we had previously 
thought. Dragstedt™ stated that external drainage altered the normal 
pressure relationships in the biliary tree so that flow into the common 
duct might be expected. Colp and Doubilet'® felt that in their cases, 
the pressure relationships could probably be assumed to be approxi- 
mately normal because the bile flows against a resistance of 90 to 
110 mm. of water (the height of the abdominal wall above the ductus 
choledochus) through the drainage tube. This argument would hardly 
be considered valid since the pressure in the human biliary tree has been 
shown to be much higher than this figure. 

(c) Evidence From Autopsy Studies in Cases of Hemorrhagic Panereat- 
itis. The bulk of direct evidence of the direction of flow in man consists 
of the numerous autopsy reports in cases of hemorrhagic pancreatitis in 
which bile has been found in the pancreatic ducts. **.°" — Rich and 
Duff have questioned the validity of such evidence on the basis that 
pathologists routinely squeeze the gall bladder to investigate the 
patency of the common duct. 

(d) Evidence From Cholangiography. Mirizzi*' in a study of funec- 
tional disturbances of the bile ducts by cholangiography stated “one 
may conclude that reflux of lipiodol into the pancreatic duct seen on 
cholangiography is far from being mechanical and passive, but is rather 
due to the active phenomenon of a current from the biliary tree flowing 
into the pancreatic tree.””’ He noted that at times the current seemed 
to flow in the opposite direction. 

It seems plain that this evidence of the direction of flow in the com- 
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mon channel is conflicting and inconclusive. It seems obvious that the 
direction of flow at any one instant would depend upon the relative 
pressure existing in the two ducts. It is now fairly well established that 
the secretory pressure of the liver is about 25 mm. of mercury (Nash). 
The réle of the gall bladder in this problem is unimportant because the 
maximum expulsive power of the normal gall bladder is never greater 
than the secretory pressure of the liver. However, the secretory pres- 
sure of the human pancreas is not accurately known. Mann and 
Giordano’ have shown that in the dog the secretory pressure of the 
liver is less than 375 mm. of bile. Dragstedt et al.* found that the 
secretory pressure of the pancreas is about 570 mm. of water in the 
unanesthetized dog. The latter figure was obtained by a somewhat 
indirect method and cannot be accepted without question. The im- 
portance of this pressure factor depends upon the maintenance of a 
constant pressure within the two systems or exactly parallel fluctua- 
tions in the two pressures. It would seem more logical to believe that 
the relative pressures and hence the direction of flow in a common 
channel would depend upon the relative state of activity of the two 
organs at any one instant, and flow in both directions might occur in 
a period of time. 

Dragstedt et al.“ pointed out that if a patent duct of Santorini con- 
nected the duct of Wirsung with the duodenum, the secretory pressure 
of the pancreas would be nullified allowing bile to regurgitate freely 
into the pancreatic duct. Opie® found that the duct of Santorini 
anastomosed with the duct of Wirsung in 90% of 100 autopsy speci- 
mens. In slightly less than 50% of these cases, the opening of San- 
torini’s duct into the duodenum was functionally adequate. Since 
there is no sphincter and the duodenal end of the duct of Santorini 
and the intraduodenal pressure is low, this factor may be important 
in determining the direction of flow in a common channel in some 
instances. 

From this evidence we may safely conclude that the anatomic possi- 
bility of the formation of a common channel exists in a large per- 
centage of individuals, probably 60% to 70%, and that there is direct 
evidence that this does occur in a considerable number of patients with 
biliary tract disease. There is clinical and experimental evidence that 
the flow in such a channel may occur in either direction. The relative 
incidence of the direction of flow and the factors governing it are not 
completely understood. 

Accepting these facts, let us turn our attention to the factors which 
may operate to establish a common channel at the ampulla of Vater. 

(e) Factors Creating a Common Channel. 1. Stone at Ampulla of 
Vater. The most obvious and plausible possibility of the formation of 
a common channel is that established by Opie’s® classic autopsy—the 
impaction of a small biliary calculus at the ampulla of Vater. 

Opie originally believed that this was the explanation of the majority 
of cases in which the common channel theory could be held responsible. 
However, it was soon noted clinically that a stone was not present in 
many such cases. Thus in von Schmieden and Sebening’s® series of 
1278 cases of hemorrhagic pancreatitis collected from German clinics, 
a gall stone at the ampulla was recorded in only 4.4% of cases. In this 
country, Fallis and Plain, MceWhorter,*® and Lewison* have reported 
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9 cases of acute hemorrhagic pancreatitis in which a stone was found 
at the ampulla in a series of 125 cases. Hence, it is obvious that this 
factor can be implicated in only a small percentage of total cases of 
acute hemorrhagic pancreatitis. 

2. Spasm of the Sphincter of Oddi. Archibald! suggested that the 
common and main pancreatic duct might be converted into a common 
channel by a spasm of the sphincter of Oddi, and presented evidence 
from animal experimentation to support his contention. This hypoth- 
esis arose from his observation that the sphincter of Oddi in cats was 
rarely overcome by hydrostatic pressures less than 600 mm. of bile. 
He introduced solutions containing iron into the gall bladder at pres- 
sures of 300 to 800 mm. of water and demonstrated by special stains 
that this solution had been driven into the pancreas by resistance of 
the sphincter of Oddi. In 1918, Archibald and Brow,? continuing 
this study, substituted bile for the iron solution and concluded that 
they could produce typical hemorrhagic necrosis of the pancreas by 
reflux of bile caused only by a resistance of the sphincter of Oddi. In 
these cases spasm of the sphincter was produced by the introduction 
of hydrochloric acid into the duodenum. 

Wangensteen, Leven and Manson® in somewhat similar experiments 
in cats stated that they had been entirely unable to produce regurgita- 
tion of bile into the pancreatic duct in the absence of organic obstruction 
at the ampulla. 

Previous to this Mann and Giordano* questioned Archibald’s hypoth- 
esis on the basis of anatomic evidence. They pointed out that in order 
for spasm of the sphincter to form a common channel, both ducts must 
empty into a common ampulla—a condition they found in only 3.5% 
of 200 autopsy specimens—and that the sphincter must be located 
distal to the opening of the two ducts. They stated that examination 
of serial preparations of the sphincter in man demonstrated that this 
was not the case in most instances. They found that the usual position 
of the sphincter of the common duct was proximal to the termination 
of the duct and that the fibers of this sphincter not only surrounded 
the common duct but many of them also pass around the pancreatic 
duct, so that both ducts would be closed by spasm of the sphincter. 
They noted considerable variability in this region. In 1 case a con- 
siderable amount of the muscle tissue was distal to the entrance of the 
two ducts and partial contraction of the sphincter might have created 
a common channel. In another case all of it was distal to the duct 
orifices. 

Boyden,’ studying the anatomy of the ampulla in man and in several 
species of animals, concluded that the usual arrangement is that while 
most of the fibers of the sphincter surround the common duct, the 
lowermost fibers surround the ampulla. 

Archibald’s theory has received very conclusive support in recent 
years by direct evidence obtained from postoperative cholangiography 
studies in man. This may be summarized as follows: 

In 1935 Best and Hickens’ reported that “increased tonus and spas- 
ticity of the choledochoduodenal sphincteric mechanism” could be 
demonstrated roentgenologically by injection of radiopaque oils (lipio- 
dol) into the biliary tree through. a drainage tube in the common duct. 
This had been discussed previously under the name of “biliary dys- 
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kinesia’’ and various similar terms, but these authors, preferred the 
name “biliary dyssynergia,’’ which they defined as a physiologic ob- 
struction of the common duct. They demonstrated conclusively that 
the duct of Wirsung could be visualized due to reflux of lipiodol into it 
in a considerable per cent of cases of chronic disease of the biliary tract. 
Numerous authors have since reported studies verifying this work. 

Colp and Doubilet'*'* compared the incidence of reflux into the duct 
of Wirsung on cholangiography with that of amylase in biliary drainage. 
They demonstrated filling of the pancreatic duct in the absence of or- 
ganic obstruction in 20% of 37 cases studied. This occurred in 7 of 
10 cases in which amylase was present in biliary drainage and in none 
of 25 cases in which it was absent. 

Leven® studied this phenomenon in 91 patients and demonstrated 
reflux into the pancreatic duct in the absence of organic obstruction in 
16 cases, and in 5 cases with obstruction due to a stricture or common 
duct stone. 

Liedberg® reported 50 cases in which pancreatic reflux was demon- 
strated in this manner and studied the danger due to this procedure. 
He found pathologie diastasuria in 8 of 50 cases. 

Mirizzi®! concluded from experience with this method of study that 
reflux of lipiodol into the duct of Wirsung is a characteristic roentgeno- 
graphic finding in the presence of “dystonia’’ (dyssynergia) of the 
sphincter of Oddi. He considered this disturbance to be functional in 
origin in the great majority of cases. 

It is now fairly well established that when cholangiography is per- 
formed, the pancreatic duct is filled with lipiodol in about 20 % of cases. 
This direct evidence establishes Archibald’s theory of reflux due to 
spasms of the sphincter of Oddi on a basis that is difficult to refute. 
The relationship of this phenomenon to disease of the biliary tract is 
clearly demonstrated. Its implications as to the pathogenesis of pan- 
creatitis are not yet completely understood, but certain it is that here 
is a mechanism which may produce reflux of bile into the pancreatic 
duct in a high percentage of patients with biliary tract disease. 

3. Edema of the mucosa of the ampulla of Vater as an etiologic factor 
in hemorrhagic pancreatitis was advanced by Balé and Ballon® in 1929. 
They presented 4 cases to illustrate that edema of the mucosa may 
occlude the orifice of the ampulla of Vater. In 3 of the cases the edema 
was due to cardiac decompensation and in 1 to dietary indiscretion 
followed by simple catarrhal jaundice. This factor may operate in some 
cases. It lends itself less readily to experimental verification, but must 
be included as a possibility. 

4. Miscellaneous rare factors may, in isolated cases, occlude the 
ampullary orifice. With these we must consider carcinoma of the 
ampulla of Vater, stricture, the entrance of Ascarides into the orifice 
(50 cases recorded by von Schmieden and Sebening®) and_ similar 
factors. Statistically such instances are of relatively minor etiologic 
significance. 

Discussion. ‘The so-called common channel theory of the etiology 
of acute hemorrhagic pancreatitis as an explanation for its relationship 
to chronic cholecystitis has been questioned by various workers. One 
of the lines of evidence offered against it has been the discovery at 
autopsy of cases of hemorrhagic pancreatitis in which the duct of Wir- 
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sung empties separately into the duodenum. In some of these cases 
there has been an associated chronic cholecystitis and cholelithiasis. 
Undoubted cases in which this has occurred have been reported by 
Simkins,*’ Dardinski,?? and Rich and Duff. Such criticism is cer- 
tainly valid, but it holds only for the case in question. That factors 
other than biliary reflux have caused hemorrhagic pancreatitis is un- 
questionable, but the common channel theory has not been offered as 
the cause of all cases of this disease. -The occurrence of such cases 
does not constitute valid evidence against the common channel theory; 
it merely indicates that biliary reflux could not have been responsible 
for the case in question. 

Likewise, until cholangiography furnished evidence that spasm of 
the sphincter of Oddi is common in biliary tract disease, direct evidence 
that chronic cholecystitis predisposed to the formation of a common 
channel, except in a small number of cases due to a gall stone at the 
ampulla of Vater, was very scarce. It had been postulated™ that chronic 
inflammation of the biliary tract might alter the normal function of the 
sphincter of Oddi causing spastic contraction of part or all of it, but 
direct evidence was lacking. 

The cholangiographic studies previously mentioned have produced 
some information which may raise further questions to the common 
channel theory. These studies!*'® indicate that reflux of lipiodol into 
the pancreatic duct occurs in about 20% of cases of chronic cholecyst- 
itis. Though the condition of the biliary tract at the time of these 
studies are made is quite abnormal, the findings suggest that reflux of 
bile into the pancreatic duct occurs in a much higher percentage of cases 
of chronic cholecystitis than does hemorrhagic pancreatitis. Thus 
Mirizzi®! feels, as a result of his experience with this method, that “in 
dystonia of the sphincter of Oddi one finds, on filling of the duct of 
Wirsung, that the duct is dilated and tortuous, and has a ‘ morphologic 
aspect’ which indicates repeated increased tension in the duct, both 
because of stagnation of pane reatic secretions and because of reflux of 
bile.’ It is true that this is not based upon unquestionable evidence, 
but it does raise a question which should be investigated, because it 
strongly suggests that reflux of bile into the duct of Wirsung may occur 
many times without causing hemorrhagic pancreatitis. 

It should also be recalled at this time that in 30% to 40% of cases 
of acute hemorrhagic pancreatitis, there is no concomitant disease of 
the biliary tract. It has been suggested** that a large percentage of 
these cases may be accounted for by the various other etiologic factors 
previously me ntioned which have been shown to cause the disease in 
occasional cases. It is also possible that reflux of bile may occasionally 
occur in the absence of chronic biliary tract disease. This fact does not 
constitute a valid criticism of the common channel theory, though it 
has been held to do so by some authors.” 

Further criticisms of this theory have been made, but they are con- 
cerned more with the pathogenesis than with the etiology, and they 
will be discussed under that topic. 

Reflux of Duodenal Contents Into the Pancreatic Duct. Reflux of 
duodenal contents into the pancreatic duct has been suggested by 
several authors as a cause of acute hemorrhagic pancreatitis. Williams 
and Busch*** thought that passage of a stone through the common 
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duct might leave the ampulla in such a state of atonic dilatation that 
duodenal contents might regurgitate into the pancreatic duct. Evi- 
dence in favor of this theory is the fact that cases have been reported 
by Dardinski,”° Opie and Meakins,*’ and Simkins," in which there was 
a hemorrhagic necrosis of the pancreatic parenchyma confined to the 
area drained by the duct of Santorini. In light of our present knowl- 
edge, such cases strongly suggest that regurgitation of duodenal con- 
tents into the accessory duct was responsible. Grant*’ suggested that 
since the orifice of the duct of Santorini is not protected by a sphincter, 
succus entericus might be forced into this duct by violent vomiting or 
reverse peristalsis. Dragstedt™ criticized this idea for two reasons. 
He states that Pearce showed that it is nearly impossible to force colored 
fluid from the duodenum into the common duct or the pancreatic ducts. 
He also believes that, in vomiting, the increased intra-abdominal pres- 
sure would be transmitted equally to the pancreatic duct and the duo- 
denum, and that therefore no pressure difference would result. This 
will be discussed further under pathogenesis. 

1. Pancreatitis Due to Obstruction of the Panercatic Ducts.—Several 
authors®**:63.5.5! have suggested that simple obstruction of the pan- 
creatic ducts, with damming back of pancreatic juice might result in 
hemorrhagic pancreatitis. It was usually felt that this would be 
more likely if there were bacterial proliferation in the retained 
secretions. 

Rich and Duff are the most recent advocates of this theory, but 
they have discarded the necessity of bacterial infection. They hold 
that epithelial metaplasia in the duct system is the most common cause 
of obstruction and present autopsy evidence in support of this conten- 
tion. These workers in an analysis of 24 cases of hemorrhagic pancreat- 
itis at autopsy concluded that, in their experience, evidence of retrojec- 
tion of bile was rare. They also stated that proven cases in the litera- 
ture are scarce. They were able to demonstrate epithelial metaplasia 
in the ducts of 13 of 24 cases of hemorrhagic pancreatitis in routine 
sections and in 18.6% of 150 consecutive specimens examined by routine 
sections. From their investigations they concluded that “the majority 
of cases of hemorrhagic pancreatitis result from partial obstruction to 
the outflow of secretion, causing distention and rupture of acini and 
ductules behind the point of obstruction with resulting escape of pan- 
creatic juice into the interstitial tissue. The rupture of dilated and 
thinned-out acini is particularly likely to occur during periods of in- 
creased pressure within the system, resulting from stimuli which greatly 
increase the production of secretion ”’ (¢. g., a large meal or the ingestion 
of alcohol). They felt that the fundamental etiologic factor is the 
release of pancreatic juice into the tissues due to rupture of ductules and 
acini incident to partial or complete obstruction of the pancreatic ducts. 
They considered that this obstruction, in the majority of cases, is due 
to epithelial metaplasia within the ducts and ductules. They con- 
ceded that retrojection of bile might be an occasional cause of hemor- 
rhagic pancreatitis, but only when this results in rupture of ductules 
and acini. 

That rupture of the ductules and acini may be a necessary factor has 
been supported by a few authors;‘* that epithelial metaplasia is the 
common etiologic factor has been either disregarded or doubted in 


SURGERY 29] 


subsequent literature dealing with the subject. In discussing this, 
Lewison™ stated that “ Yotuyanagi (1937), in an exhaustive study, 
found epithelial metaplasia in 64% of normal specimens of pancreas. 
The frequency of this condition and the infrequency of hemorrhagic 
pancreatitis would oppose the premise of Rich and Duff.” 

Wangensteen ct al.” reported that in one series of experiments they 
were unable to produce hemorrhagic pancreatitis by simple ligation of 
the duet, but when this was done and pilocarpine was injected subcu- 
taneously they produced hemorrhagic pancreatitis in 3 cats. 

D. Combination Factors in the Etiology of Hemorrhagic Pancreatitis. 
That a combination of factors, each of which is incapable of producing 
the disease alone, may often be responsible for producing hemorrhagic 
pancreatitis has been emphasized by Wangensteen et al.,” Dragstedt 
et al.2* Lynch,” MeWhorter* and Lewison.“ 

We have seen that the typical clinical and pathologie picture of 
hemorrhagic pancreatitis may result from a number of different etiologic 
factors. Thus infection, trauma, vascular accidents such as thrombosis, 
embolism, and rupture of vessels, reflux of bile and duodenal contents 
into the pancreatic duct have all either been proven to be cause of the 
disease, or have been implicated on the basis of clinical and experimental 
evidence as the primary etiologic factor. It also seems certain that in 
some cases a combination of these factors have operated to produce the 
disease. It is important to learn whether these diversified factors all 
operate through activation of a single mechanism, or whether different 
mechanisms are called into play to produce the ultimate effect. 

V. The Pathogenesis of Hemorrhagic Pancreatitis. 4. Pathogenesis 
of the Local Lesion. 1. The “trypsin theory.” Since this pathologic 
picture occurs only in the pancreas and since varied etiologic agents 
are known to produce the same final result, it seems inescapable that 
some factor inherent in the pancreas is activated by various etiologic 
agents in such a way that it produces the lesions found in the organ. 
Because this gland secretes a digestive fluid that contains powerful 
enzymes capable of digesting all of the three great classes of food sub- 
stances, it is logical to expect that one or all of these enzymes might be 
the destructive agent activated. Early workers .%.75.79 consider- 
ing the problem of pathogenesis, pointed out that while the starch- 
splitting and fat-splitting enzymes are secreted in the active form, 
trypsin, the powerful proteolytic enzyme, is secreted in the form of an 
inactive pro-enzyme and is activated in the duodenum by a specific 
activating enzyme secreted by the duodenal mucosa. These workers 
reasoned that such an arrangement must have been produced to prevent 
digestion of the pancreas by its own secretion. Because of these facts, 
it was accepted for many years that all etiologic factors produced the 
local lesions by intraglandular activation of trypsinogen, and that the 
powerful proteolytic ferment trypsin then digested the parenchyma of 
the gland. 

This view was accepted almost without question until 1934, when 
Dragstedt, Haymond and Ellis™ questioned it on the following basis: 
|. “Since cell membranes are known to be composed largely of lipoids, 
should we not expect more destruction of cells from lipase than from the 
protein-splitting trypsin?” 

2. The current concept of enzymes is that they are merely catalysts, 
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which can neither initiate nor react, but merely accelerate a reaction 
already in progress. They are not corrosive substances and there is 
no evidence that they can disintegrate a protein molecule or attack 
living cells. 

The evidence presented in support of the latter statement may be 
summarized as follows: 

These authors suspended the legs of a living frog in highly proteolytic 
pancreatic juice and found that no digestion occurred. In control 
experiments, the skin and subcutaneous tissue of a living frog were 
digested by acid gastric juice, a phenomenon which they had previously 
shown to be dependent upon the concentration of free HCl and inde- 
pendent of the pepsin concentration of the gastric juice. They reported 
that they had immersed the tail of the pancreas in a beaker of proteo- 
lytic pancreatic juice planted in the abdominal cavity. No evidence of 
digestion occurred in 6 hours. In another series of animals, the tail of 
the pancreas was sutured into a window in the duodenal wall below the 
ampulla of Vater in such a way that the surface was exposed to the 
digestive action of the duodenal contents. They stated that they found 
no evidence of digestion or necrosis of the exposed surface. When, in 
similar experiments they suspended the tail of the pancreas in bile 
through a window in the gall bladder, the animal died in a few days and 
marked necrosis of the portion of the pancreas exposed to bile was found. 

From these studies, Dragstedt, Haymond and Ellis concluded that 
pancreatic enzymes cannot attack living cells, and that, acting alone, 
trypsin cannot produce the lesions found in hemorrhagic pancreatitis. 

These authors next turned their attention to mechanism by which 
bile produced acute hemorrhagic pancreatitis. 

A great many investigators, among them Opie,» Flexner and Pearce,*“ 
Archibald,'?* Wangensteen, Leven and Manson” and many others, 
have shown conclusively that the injection of 5 to 10 cc. of bile into the 
pancreatic duct will regularly produce acute hemorrhagic pancreatitis 
in animals. Practically all of the investigators who had considered this 
problem believed that bile produced its effect by the activation of tryp- 
sin, and that this substance then digested the pancreatic parenchyma. 
Dragstedt and his coworkers* pointed out that there was no reliable 
evidence that bile could convert trypsinogen to trypsin. They referred 
to the work of Bradley and Taylor'® showing that bile salts are strong 
cytolytic agents and are markedly destructive to tissue cells on local 
contact. 

Evidence was presented to show that the pancreas is the most sus- 
ceptible of all organs to the cytolytic action of bile. This may be sum- 
marized as follows: 

Sellards™ injected 3 cc. of sodium taurocholate into the duct of the 
parotid and submaxillary glands and produced a fairly extensive necrosis 
of the gland. Comparing this effect with the effect of bile on the pan- 
creas he concluded that the effect was similar to but not as severe as 
the effect of bile on the pancreas. This was confirmed by Dragstedt, 
Haymond and Ellis* who also compared the effect of bile salts on the 
renal parenchyma with that on the pancreas and concluded again that 
the effect in the kidney was not comparable in degree to the effect on 
the pancreas. From this evidence Dragstedt, Haymond and Ellis con- 
cluded that “there is no doubt that the pancreas is more susceptible to 
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the local necrotizing effects of bile and bile salts than most other 
tissues.’"* To explain this increased susceptibility these workers as- 
sumed that it is probably in some way dependent upon the fact that 
the pancreas secretes enzymes capable of digesting all three classes of 
foodstuffs. 

Since it is well established that the onset of hemorrhagic pancreatitis 
commonly occurs after a heavy meal when pancreatic secretion is maxi- 
mal, and many workers have noted the production of the disease in 
animals by the injection of bile into the pancreatic ducts, these authors 
felt that pancreatic enzymes must facilitate the cytolytic action of the 
hile salts. Flexner*® had shown that the destructive action of bile salts 
is inhibited by mucous and other colloid substances. Dragstedt et al. 
stated that it had been proven that normal serum protein protects red 
blood cells from the hemolytic action of bile salts, and that the protec- 
tive property of the protein is completely destroyed by tryptic digestion. 

On the basis of these facts Dragstedt, Haymond and Ellis* offered 
the following as a plausible explanation for the production of hemor- 
rhagic pancreatitis by bile. Regurgitated or injected bile spreading 
through the duct system comes in contact with the cells of the pancreas 
and, due to the irritant action of the bile salts, parenchymal cells are 
injured and an exudate of serum or even frank hemorrhage occurs. 
“The initial attack of bile is repulsed’ by the protein of the exudate. 
Since these protective proteins are dead they are immediately attacked 
by the trypsin and polypeptidase of the pancreatic juice and by their 
digestive action bile salts are freed for further tissue destruction. 
These authors stated their conclusions on this matter largely in the 
form of questions; making clear that they were merely presenting an 
hypothesis. The questions are stimulating and the idea is well sup- 
ported by the evidence cited, but it has certainly not been proven. It 
is well to recall at this time that these authors criticized the trypsin 
theory because there was no evidence that bile can activate trypsinogen, 
yet they have discovered no other means of activating it. 

Moreover, we must remember that this can conceivably account for 
only those cases in which reflux of bile can occur. At best this mechan- 
ism could account for no more than from 60% to 70% of the cases of 
hemorrhagic pancreatitis which occur in man. Proven cases due to 
infection, trauma, vascular damage, etc., as previously stated, have 
occurred. Likewise authenticated cases in which the common and pan- 
creatic ducts open separately into the duodenum, and cases in which the 
lesion was limited to the area drained by the duct of Santorini have been 
reported. Dragstedt, Haymond and Ellis recognized this and state 
that these factors are probably responsible for the 30% to 40% of cases 
in which bile could not be an etiologic agent. However, they have 
offered no statistical evidence for the statement, and they make no 
mention of the pathogenesis in these cases. If their theory is correct, 
ire we to accept that some similar agent, aided possibly by trypsin, 
substitutes for bile salts in these cases? A comparable agent would be 
difficult to imagine in cases of arterial or venous thrombosis or embolism, 
or of direct trauma to the gland. 

Experimentally acute hemorrhagic pancreatitis has been produced in 
inimals by the injection of hydrochloric acid, sulfuric acid, sodium hy- 
lroxide, formaldehyde and a great variety of irritant substances.* 2. 
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These agents may be considered comparable to bile salts, but these 
experiments are hardly applicable to the condition in man. The experi- 
mental production of the condition by the injection of active trypsin 
cannot be lightly dismissed in this consideration. Polva,®* in an excel- 
lent study, reported that the intraductile injection of commercial tryp- 
sin in concentrations varying from 0.25% to 6% regularly produced 
the typical picture of the disease. This did not occur if comparable 
amounts of a solution inactivated by heat was used. Dragstedt, 
Haymond and Ellis noted that this and other similar studies had been 
criticized on the basis that the amount of solution used would trauma- 
tize the gland. Seeking to control this factor they injected 3 ec. quan- 
tities of active pancreatic juice into 3 dogs and failed to produce the 
lesion. It is pertinent here that few, if any, workers have produced the 
lesion with as little as 3 cc. of bile, but Polya felt that he had done so 
with 2 ce. of trypsin solution. In regard to the factor of the volume of 
solution, Flexner** injected 16 cc. of blood into the pancreatic duct of 
a dog without effect and Rich and Duff® injected 10 cc. of trypan blue 
and of India ink without producing the lesion. Rich and Duff have 
confirmed the fact that intraductile injection of trypsin will produce the 
lesion in dogs. Since trypsin has been shown to be capable of producing 
the lesion alone on injection into the pancreatic duct, it certainly seems 
unwise to relegate it to the status of a secondary factor when bile 
regurgitates into the pancreatic duct. 

Rich and Duff® conducted an investigation of the pathogenesis of 
hemorrhagic pancreatitis which did much to reéstablish the trypsin 
theory. In their autopsy study of 24 cases of acute hemorrhagic pan- 
creatitis these workers concluded that they could demonstrate a con- 
stant and specific vascular lesion in the pancreas which was often 
indistinguishable from that seen in the kidney in cases of malignant 
arteriolar nephrosclerosis. This lesion is described in detail in their 
publication. It consists essentially of local necrosis of the wall of 
arteries and veins involving principally the adventitia and media. They 
then produced acute hemorrhagic pancreatitis in dogs by the injection 
of bile in 1 case, and of pure trypsin in 2 others. They concluded from 
microscopic study of the tissues that the same vascular lesion occurred 
in the pancreas of all 3 of the dogs and that it was indistinguishable 
from that seen in human cases. Believing that this was due to the 
direct action of trypsin on the vessel wall they injected 1 cc. of a solu- 
tion of crystalline trypsin into the subcutaneous tissue of the abdominal 
wall of 5 dogs. They found this characteristic vascular lesion con- 
stantly present in the vessels of the subcutaneous tissue in the area 
of the injection. The lesion did not occur if the trypsin was heated, or 
if it was diluted 1 to 16 with saline. The injection of 1 or 2 
sterile gall-bladder bile produced local tissue edema but no vascular 
necrosis or hemorrhage. They then injected sterile inactive pancreati 
duct juice, collected directly from the duct after stimulation of the 
pancreas, into the subcutaneous tissue and found that this produced 
the same lesion. From this they concluded that the vascular lesion 
was due to the direct action of trypsin on the vessel wall and that this 
could be produced by pancreatic juice containing inactive we 
The latter finding, they thought, might be explained either by the fa: 
that the pancreas may secrete active trypsin under certain conditior 
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or that the activation of trypsinogen was initiated by the calcium of 
tissue fluids and carried on by products of tissue breakdown. From 
this and previously quoted etiologic investigations they concluded that 
“aside from the rare instances of primary rupture or occlusion of the 
pancreatic blood-vessels, hemorrhagic pancreatitis occurs only as a 
result of the disruption of the duct—acinar system with consequent 
escape of the secretion into the interstitial tissue of the gland.” “If 
the escaping juice is rich in tryptic ferment and it comes into contact 
with arteries and veins, their wall will be destroyed, and extensive or 
localized hemorrhage will occur depending upon the size of the affected 
vessels." They felt that the widespread destruction of tissue seen in 
some cases is due to hemorrhage into the tissue and need not be blamed 
entirely upon the destruction of the parenchyma by trypsin. 

Since this work was presented, but few additional studies of this 
aspect of the problem have appeared in the literature. These authors 
have presented very convincing evidence for the belief that trypsin is 
responsible for the local lesion, but it has not been recognized by all 
authorities who have subsequently written about the subject. A large 
portion of their work depends upon the interpretation of findings of 
microscopic examination of tissue, and as such, it should be confirmed 
before it can be completely accepted. Weiner and Tennant” found the 
vascular lesion described by Rich and Duff in some of the slides from 
the autopsies they reviewed. Smyth® found the so-called “trypsin 
lesion”’ in slides from 11 of 40 autopsies. He produced focal necrosis 
of the pancreas by injecting mercury into the artery to the pancreas, 
and found this lesion in 50% of the animals. From his study of this 
result he stated that the lesion was “limited strictly in all cases to the 
area of the infarct.’’ He felt that this indicated that this lesion “is a 
result of or concomitant with the disease; it is not of etiologic signifi- 
cance.” 

It has been shown within recent years that small amounts of trypsin 
will coagulate blood, probably acting largely by converting prothrombin 
to thrombin, while larger amounts will produce the opposite effect by 
digesting fibrin.“* This may be the explanation for the frequent finding 
of venous thrombosis at autopsy and an additional factor in the marked 
tendency to local hemorrhage which is so characteristic of the disease. 
Further implications of this information in the pathogenesis of the 
disease in question would at the present time be pure speculation. 

Popper and Necheles® have recently reported some findings which 
should be considered at this time. These authors injected liver bile, 
gall-bladder bile and olive oil into the pancreatic ducts of animals in 
amounts varying from 0.1 to 3 cc. They found that in all cases a 
marked interstitial edema of the gland occurred very rapidly, and that 
a bloody exudate appeared in the abdomen within 1 hour. This oc- 
curred in | animal after the injection of as little as 0.1 cc. of bile. 
Most significant in this study is the fact that they could demonstrate 
a high concentration of amylase and lipase in the subcapsular edema 
uid and in the exudate. It is unfortunate that trypsin was not in- 
jected because without that information the picture is incomplete. 
They did not produce hemorrhagic pancreatitis in any of these animals, 
but they did show that amylase and lipase had diffused out of the pan- 
creatic ducts into the interstitial tissue and into the peritoneal cavity 
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appreciable amounts. Were this true also for trypsin, one would 
expect that in diffusing outward this enzyme would have come in 
contact with vessel walls. The series of animals is too small and the 
studies are not sufficiently complete to provide any definite information 
which can be used in interpreting the work of Rich and Duff. How- 
ever, it does suggest a method which should be of value in further 
investigating this problem. 

In summary, we can say that while the pathogenesis of the local 
4 ‘sion of acute hemorrhagic pancreatitis is not settled beyond question 

t appears that the release of active trypsin into the interacinar tissue 
is the factor of primary importance. if trypsin comes in contact with 
the wall of a blood-vessel it causes a local,necrosis of the wall. This 
predisposes to hemorrhage, which furthers the process by damaging 
tissue and releasing more trypsin. 

The criticism of this theory, offered by Dragstedt ef al., that no 
means for the activation of trypsinogen has been provided, and that 
there is no evidence that trypsin will damage living tissues seems to 
have been adequately answered by Rich and Duff’s studies. This work 
has not yet been completely confirmed and hence cannot be accepted 
unreservedly, but as vet no serious objection has been raised to it. 

Having considered the pathogenesis of the local lesion in acute 
hemorrhagic pancreatitis, let us now turn our attention to the available 
evidence bearing upon the cause of death in hemorrhagic pancreatitis. 
Here again we find that the principal contribution to knowledge of this 
problem has come from Dragstedt, Haymond and Ellis, who have re- 
viewed the literature on the subject up to 1934. Their work forms the 
basis of the following discussion, with additional data inserted where 
pertinent. 

B. The Cause of Death in Acute Hemorrhagic Pancreatitis. 1. It has 
been agreed by practically all authors that the systemic picture pro- 
duced by acute he morrhi agic pancreatitis is one of a very severe toxemia. 
Except for Egdahl’s* demonstration that extracts of necrotic pancreas 
are extremely toxic to animals, there is no direct evidence to support 
this statement. Dragstedt and his coworkers felt we are probably 
justified in accepting the presence of a toxemia on the basis of verified 
clinical opinion because it has rarely been possible to demonstrate the 
presence of a circulating toxin in animals or in man. 

Various authors have presented evidence that the toxic agent might 
be the trypsin contained in pancreatic juice, the products of autolysis 
or digestion of the pancreatic parenchyma, or bacterial toxins elabo- 
rated by bacteria proliferating in the necrotic pancreas. 

Dragstedt, Haymond and Ellis* reviewed the experimental evidence 
which had been offered in support of these theories, and conducted 
extensive experiments in an attempt to solve this problem. 

Sweet’’ reported a series of experiments in which he compared the 
toxicity of non-proteolytic and proteolytic pancreatic juice. He re- 
ported that his results confirmed the findings of earlier workers that 
non- -proteoly tic pancreatic Juice was innocuous on intraperitoneal injec- 
tion into animals but the injection of a comparable volume of pan- 
creatic juice activated by succus entericus produced severe toxemia 
and death. He also demonstrated that intravenous injection of a 
mixture of pancreatic Juice and succus entericus produced the picture 

f “ pancreatic poisoning and death,”’ but the inactive juice was innocu- 
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ous. On the basis of this finding, Sweet” felt that much of the systemic 
picture of acute hemorrhagic pancreatitis might be attributed to the 
systemic absorption of trypsin. Dragstedt et a/.** criticized these and 
the earlier experiments, on the basis that the factor of bacterial con- 
tamination had not been adequately controlled. They injected 50 ce. 
of contaminated active pancreatic juice intraperitoneally into 1 dog 
and it died in 24 hours with no evidence of fat necrosis. Active pan- 
creatic juice was sterilized by passage through a Berkefeld filter. This 
solution was injected into the peritoneal cavity of 3 dogs in amounts 
varying from 170 to 110 ce. No toxemia of fat necrosis occurred and 
the animal lived. This experiment was repeated using a large series of 
mice with the same results. From these results they believe that the 
toxemia of acute hemorrhagic pancreatitis could not be explained on 
the basis of the absorption of pancreatic enzymes from the peritoneal 
cavity. 

The evidence for the belief that the absorption of toxie products 
formed in the autolysis or digestion of the pancreas might be the toxic 
agents in question consisted of experiments in which transplantation of 
the pancreas of 1 animal into the peritoneal cavity of another under 
strictly aseptic conditions resulted in toxemia and death of the donor 
animal,?°. 

Dragstedt, Haymond and Ellis* questioned these results because 
here too, despite aseptic precautions, the factor of bacterial contamina- 
tion had not been ruled out. Tower” had reported that she had suc- 
cessfully cultured bacteria from the normal pancreas in 15 of 16 dogs. 
Dragstedt and his coworkers verified this finding by obtaining positive 
cultures in 76% of 17 normal glands. These authors then repeated the 
transplantation experiments and 12 of 18 animals died. In 11 of the 
12 animals that died they were able to culture an anaérobe “ resembling, 
if not identical with B. welchii,’™ from the peritoneal exudate present. 

Sterile fetal pancreatic glands were transplanted into 1 dog with no 
ill-effects. They then autoclaved 4 glands and implanted them in the 
peritoneal cavity of 4 animals. The animals lived, and no evidence of 
systemic toxemia appeared. Muscle, liver and pancreatic tissue was 
sterilized and digested in vitro by sterile pancreatic juice. The toxicity 
of the sterile digestant mixture was compared with a similar contami- 
nated digestant mixture by intraperitoneal injection in mice. It was 
found that the sterile digestant mixture uniformly produced no toxic 
effects, while in the majority of cases, the contaminated mixture 
was fatal. 


From the results of this investigation these authors concluded that 
they had been unable to support the view that various fractions result- 
ing from the digestion of the dead pancreas by activated pancreatic 
juice was responsible for the toxemia of hemorrhagic pancreatitis. 

They then conducted what they considered to be an almost crucial 
experiment by implanting a sterile mixture of ground autoclaved pan- 
creas and sterile activated pancreatic juice into the peritoneal cavity. 
No toxemia resulted. They felt that they had “ proved conclusively 
that neither activated pancreatic juice nor the products resulting from 
digestion of dead pancreas within the abdomen by pancreatic juice are 
sufficiently toxic to produce the picture (of acute hemorrhagic pan- 
creatitis) when bacteria commonly found in the intact pancreas are first 
removed.,’”4 
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2. The Réle of Bacteria. From the experiments summarized above, 
Dragstedt, Haymond and Ellis* felt that “these bacteria are in some 
way necessary for the development of a toxemia in pancreatic necrosis.”’ 
Though the nature of the toxic substances is unknown, these workers 
state that “it seems probable that the major amount of responsible 
poisons will be found among the relatively large group of toxic organic 
bases that are known to be produced from the decomposition of protein 
or of protein-split products by bacteria or their proteolytic enzymes.’”4 

Turning to the clinical literature these authors could find little posi- 
tive support for this conclusion. They cite 3 cases reported in the 
literature in which a similar anaérobe was cultured. They felt that 
the current opinion that cases of acute pancreatic necrosis are sterile 
in man was due to failure of adequate careful bacteriologic studies, and 
suggested that such studies would contribute valuable information. 

The status of the factor of bacteria in the clinical literature may be 
reviewed briefly at this time. 

In the analysis of their questionnaire-collected data on acute hemor- 
rhagic pancreatitis, von Schmieden and Sebening® reported that of 
184 cases studied by culture, 103 were positive and 81 were negative. 
This is difficult to evaluate because of the nature of the study. Of 10 
of their own cases, only 1 was positive and this may have been a con- 
taminant. Except for isolated cases reported occasionally, other 
statistical studies previous to the work of Dragstedt et al.*4 contain very 
little evidence, positive or negative, bearing upon this question. Thus 
this factor is not even included in the series of 232 cases of Eliason and 
North*® because data were not available. 

Since this hypothesis of the essential part played by bacteria in 
producing the toxemia of hemorrhagic pancreatitis was reported, num- 
erous authors have presented similar series of cases but none of them 
has contained an accurate, thorough bacteriologic study, so far as I can 
find. Most of the studies report that cultures had been taken in a small 
percentage of cases, and usually less than half of these were positive. 
Rich and Duff® and others* * have stated that bacteria are not com- 
monly seen on microscopic examination of sections through the necrotic 
areas of the pancreas in cases of this disease. Such studies as have been 
made have usually not included both aérobic and anaérobic cultures and 
their significance bearing on the point in question is consequently slight. 

Some additional evidence in regard to the toxicity of the hemorrhagic 
exudate present in the peritoneal cavity should be considered. Whipple 
and Goodpasture® reported the hemorrhagic exudate found in the 
peritoneal cavity to be non-toxic. Ireneus*® confirmed this finding in 
experimental animals. He produced hemorrhagic pancreatitis in dogs 
and injected 15 and 30 cc., respectively, of the peritoneal exudate intra- 
venously in dogs with no evidence of toxicity. He injected 2 to 3 ce. 
intraperitoneally in each of 10 white mice with the same results. 

Popper®® has shown that this exudate contains considerable amounts 
of amylase and lipase, but unfortunately it has not been analyzed for 
trypsin. However, this finding might also cause some question of the 
basic hypothesis that toxemia is a result of absorption of ‘“‘proteinogenous 
amines”’ resulting from bacterial proliferation. Since this fluid is largely 
if not entirely formed by diffusion outward from the pancreas®’ it should 
be expected to contain such toxic substances picked up as it escaped. 

Dragstedt and his coworkers” seem to have shown conclusively that, 
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in the absence of bacterial contamination, the presence in the peritoneal 
cavity of proteolytic pancreatic juice, of autolyzing pancreatic tissue, 
or of the products released by the digestion of pancreatic tissue by 
pancreatic enzyme, will not produce marked systemic toxemia in other- 
wise normal dogs. This evidence has cast serious doubt on the theories 
that the systemic effect of acute hemorrhagic pancreatitis in man may 
be explained by the absorption of trypsin or of protein-split products 
resulting from enzymatic digestion of pancreatic tissues. 

At the present time, we see that there is very little direct evidence 
to support the alternate hypothesis proposed by Dragstedt and his co- 
workers. The experimental work reported by these authors furnishes 
only indirect evidence to support their conclusions, and for this reason 
they have proposed it only as an hypothesis. The factor of bacterial 
contamination certainly seems to have been established in their animal 
experiments, but there is little basis for its application to clinical cases. 
Direct evidence is not available to refute this hypothesis as offered, but 
it has certainly received no support from subsequent studies of the 
disease. A careful autopsy study in which both aérobic and anaérobic 
cultures are taken from necrotic foci in the pancreas is necessary to 
verify or refute the belief that toxic products produced by the prolifera- 
tion of bacteria in necrotic foci in the pancreas is responsible for the 
systemic toxemia seen in the disease. It seems probable that there is a 
systemic toxemia in addition to the local lesion in cases of acute hemor- 
rhagic pancreatitis but at the present time its nature and mode of origin 
of the toxic agent is unknown. The solution of this problem, which is 
probably essential if we are to reduce the high mortality of the disease, 
demands further investigations. 

Summary. In summary we may say that the causes of acute 
hemorrhagic pancreatitis are varied and that many different factors may 
occasionally precipitate the disease. The most common cause is prob- 
ably the reflux of bile into the pancreatic duct; most authors agree with 
Dragstedt, Haymond and Ellis** that this may be held responsible for 
about 60% of cases seen in the clinic. Of these, in possibly 10%, a 
common channel may be formed by lodgment of a small biliary calculus 
at the ampulla of Vater. In the majority of cases the common channel 
is created by spasm of the sphincter of Oddi, e. ¢., biliary dyssynergia— 
incident to chronic disease of the biliary tract. Edema of the mucosa 
of the ampullary orifice and various factors may occasionally operate 
to create a common channel. Other factors such as vascular damage 
due to rupture of vessels, embolism or thrombosis, infection by various 
routes, and direct trauma are said to be responsible for at least a con- 
siderable portion of the remaining 30% to 40% of clinical cases. It 
has been held that anything increasing the pressure in the pancreatic 
duct to the point where ductules and acini are ruptured will produce 
this effect.” There is some evidence that this may be due to simple 
occlusion of the pancreatic duct with subsequent strong stimulation of 
pancreatic secretion. 

The pathogenesis of the local lesion is not completely settled. The 
principal controversial point is whether or not trypsin acting alone may 
produce the lesion by causing necrosis of blood-vessel walls and hemor- 
rhage into the tissues; or whether, in cases of biliary regurgitation, bile 
salts by virtue of their cytolytic action are the fundamental factor in 
the production of the local lesion and that their destructive effect is 
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maintained by the action of trypsin on the protective protein of the 
inflammatory exudate. The bulk of the evidence seems to support the 
belief that the release of trypsin and its precursor into the interstitial 
tissues of the pancreas is the essential factor and that anything causing 
this to occur to a sufficient degree may cause the local picture. 

Regardless of the pathogenesis of the local lesion, once it is present 
a profound toxemia results which is usually fatal. The nature of the 
toxic substance or substances is not known. It has been shown fairly 
conclusively that the toxemia is not due to the systemic absorption of 
elements present in activated pancreatic juice from the peritoneal 
cavity. There is excellent evidence to indicate that it is not due to the 
absorption of the products of autolysis or of enzymatic digestion of the 
dead pancreas, as has been the common concept for many years. It 
has been suggested on the basis of some indirect evidence that absorption 
of proteinogenous amines, formed by the proliferation in the necrotic 
tissue of bacteria present in the normal gland, is responsible for the 
toxemia.“* This is not supported by the meager clinical evidence avail- 
able but it ~— be denied at the present time. The solution to this 
problem may be the key to the existing high mortality of the disease. 
Further laboratory and clinical studies are clearly indicated. 

JONEs, JR. 


AuTHOR’s Notre.—Dragstedt, Haymond and Ellis** have presented a very com- 
prehensive experimental study of this problem together with an excellent review of 
the literature to 1934. Rich and Duff* have reported an extensive study in 1936 
ind Lewison*“ has reviewed the literature to 1940. These papers should be con- 
sulted by any who care to pursue the subject further. 
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ANGIOID STREAKS OF THE FUNDUS OCULI 


Any consideration of the subject of angioid streaks falls rather natur- 
lly into two periods, that before and that after 1929, the year in which 
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Groenblad® called attention to the association between angioid streaks 
and pseudoxanthoma elasticum. In the 40 years between 1889, when 
the first case was reported by Doyne,’ and 1929, the available literature 
is concerned principally with case reports and theories as to the nature 
and origin of the streaks along with histopathologic descriptions of a 
few poorly authenticated cases. A total of 60 reported cases was col- 
lected by Holloway" in 1927. More than twice this number of cases 
have been reported since 1929; 139 cases collected by Scholz!’ in 1941. 
Discussions during this second period have centered around the clinical 
relationships between angioid streaks, pseudoxanthoma elasticum, and 
osteitis deformans (Paget’s disease) and the attempt to establish, 
through histopathologic studies, the systemic nature of the disease. 

It is probably safe to say that, in spite of the rather considerable 
literature that has accumulated on this relatively rare condition, there 
has not been advanced as yet any explanation of the disease which has 
received universal acceptance. The uncertainty of the various observ- 
ers from the ophthalmoscopic standpoint is attested by the numerous 
theories of the location and nature of the angioid streaks themselves. 
Holloway" listed a number of these which had appeared before 1927. 
Goedblad® classified the theories under four headings according tor 
whether they attempt to explain the streaks as products of the meta- 
morphosis of hemorrhage, as anomalous or new-formed blood-vessels, 
as folds, or as ruptures of various layers of the retina or choroid. Hollo- 
way himself was inclined to consider Collins’ explanation the most 
logical, 2. e., that the angioid streaks were produced by the deposition 
of hematogenous pigment, derived from repeated subchoroidal hemor- 
rhages, in the perivascular spaces of the short ciliary arteries of the 
Circle of Zinn and of the branches proceeding from it. Indeed some 
form of the primary hemorrhage theory was favored by most of the 
authors prior to 1929. And as late as 1938, Clay® stated that he had 
observed the development of angioid streaks in the area of a previously 
noted hemorrhage in the choroid. However, the general tendency 
today is to agree with the opinion of Groenblad that there is more 
evidence to support the view that hemorrhages occur after and not 
before the development of the angioid streaks. 

Some authors have advanced the view that the streaks are not 
“angioid”’ but are actually vessels. According to Holloway, Oeller 
regarded them as retinal vessels and Schrader believed that they repre- 
sented an anomalous arterial circle around the optic disk. The two 
most recent supporters of the vascular nature of the streaks have been 
Clay? and Wassenaar.” Originally (1932), Clay® expressed the opinion 
that the streaks were short posterior ciliary veins, questionably anoma- 
lous, which had become thrombosed mechanically as a result of the 
increase of the fibrous tissue in the sclera with advancing age or in 
association with the degeneration of the elastic tissue of the sclera in 
patients with pseudoxanthoma elasticum. Later (1938) he seems to 
have adopted the view that some at least of the streaks may be new- 
formed vessels since he stated, as noted above, that he had watched a 
streak develop at the site of a hemorrhage and since he offered in support 
of his concept of the nature of the streaks a personal communication 
from Reese" stating that he had observed in a microscopic section of an 
eye said to show angioid streaks ophthalmoscopically, a dehiscence in 
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a thickened lamina vitrea and over this, between the choroid and the 
retinal pigment epithelium, a fusiform-shaped fibrous plaque containing 
a blood-vessel (presumably new-formed). Clay states that the streaks 
must be blood-carrying channels since, when they are not too heavily 
pigmented, they can be made to disappear by pressure on the globe. 
On the other hand, as stated by Hughes,” an observation of Spicer’s 
seems to prove definitely that the streaks do not represent a patent 
system of blood-vessels. In Spicer’s case one of the streaks was inter- 
rupted by an area of complete atrophy of the choroid in which the sclera 
was visible and through which no connection could be traced between 
the distal and proximal portions of the streak. Wassenaar maintained 
that the peculiar course and branchings of the streaks could be explained 
only on the basis that they were actually vessels. He expressed the 
opinion that a congenitally weak or degenerated lamina vitrea might 
allow the penetration of vessels from the choroidal or posterior hyaloid 
system between the retinal pigment epithelium and the retina proper. 
The walls of such abnormally placed vessels would be especially vulner- 
able to injury or disease. 

In evaluating any theory or explanation of the nature and origin of 
the angioid streaks, it must be remembered that, while the streaks are 
the most outstanding or diagnostically characteristic feature of the 
disease, yet there are ophthalmoscopically visible evidences that the basic 
lesion affects the tissues of the choroid and retina diffusely and certainly 
disproportionately to the number and extent of the streaks. Thus 
Groenblad calls attention to the characteristic changes in the macula 
and in the periphery of the choroid. In the macular region the earliest 
changes observed seem to be pigmentary disturbances resembling the 
punctate or granular myopic or senile degenerations of the macula. 
Later, hemorrhagic extravasations may take place. Still later transu- 
dative or exudative masses may develop associated with surrounding 
or irregularly placed hemorrhagic areas. The last stage is that of scar 
formation with atrophy of the choroid and pigment and connective 
tissue proliferation. One or more foci of choroiditis may be seen in 
extramacular locations in some cases. Occasionally retinitis circinata- 
like lesions may be seen. Often angioid streaks may be visible running 
into or under the macular sear. In the peripheral parts of the fundus, 
often especially temporal to the macula, there is characteristically a 
pigmentary degeneration of the choroid or retina giving rise to a rough 
granular mosaic-like appearance made up of a mixture of light gray, 
reddish, and brown or black spots. The angioid streaks do not extend 
into these zones of pigment degeneration. Commonly there is a gray- 
ish or yellowish-white zone around the optic disk with a bordering in- 
completely circular angioid or pigment streak. According to Groenblad, 
the streaks may be narrow and dark or broad and red and may vary in 
size in the same eye. In color they may vary from red to brown, gray 
or black. In an individual case, the streaks may change in color in the 
course of months or years, becoming either darker or broader and 
brighter, and may develop gray or white sheathing. They may increase 
in length or number. In some cases they may tend to disappear. 

Proponents of the theory that angioid streaks are the ophthalmoscopic 
manifestation of folds in the retina or choroid are able to explain the 
diffuse lesions associated with the streaks on the basis of the primary 
pathology resulting in the secondary formation of the folds. But they 
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fail to account for the fact that the streaks appear to be an early rather 
than a late feature of the disease process. Verhoeff?? and Law" have 
presented histopathologic demonstrations of the presence of “folds” in 
eyes with angioid streaks. Verhoeff stated: “ Microscopic examination 
of the eve showed the streaks to be ridges comprising the inner layers 
of the choroid, produced by cicatricial contraction of fibrous tissue which 
had replaced the deeper layers. The fibrosis involved almost uniformly 
about one-half the total extent of the choroid and was associated with 
extensive obliteration of the vessels and a few subchoroidal hemorrhagic 
extravasations. The cause of the fibrosis is obscure, but the most prob- 
able one would seem to be slowly progressive vascular obstruction 
limited to the affected area. Recurring hemorrhages within the choroid 
probably play a more or less important part in the process. To explain 
the vascular obstruction, the possibility of a congenital disturbance or 
defect in the innervation of the choroidal vessels is suggested. As a 
descriptive designation for the condition the term fibrosis choroidee 
corrugans is suggested.’ 

In the opinion of Law," angioid streaks are produced, in some cases 
at least, by a plication of the retina with an accumulation of pigmentary 
débris in the space formed between the rods and cones and the retinal 
pigment epithelium. In microscopic sections of an eye with ophthalmo- 
scopically visible angioid streaks, Law found in the position of a streak 
a well-marked fold of retina. All the layers of the retina except the 
innermost and the outermost were involved in the plication. The 
internal limiting membrane of the retina passed over the fold in a gentle 
curve. The retinal pigment epithelium appeared to be undisturbed. 
Between the pigment layer and the rods and cones was an accumulation 
of extracellular uveal pigment and cellular débris. The lamina vitrea 
appeared to be intact and the choroid normal. Law did not offer a 
very definite explanation of the mechanism of the formation of the folds 
but he seemed to favor the occurrence of choroido-retinal hemorrhage 
as the initiating factor. He was inclined to consider this tendency to 
hemorrhage as part of a generalized vascular disease, probably of familial 
origin. 

These explanations of the nature of angioid streaks revert to the 
original idea that the streaks are in some way the aftermath of preceding 
hemorrhage. This idea does not conform, however, to the present 
concept of the course of the disease which, as suggested by Wildi,” 
may be divided essentially into three stages: 1, the appearance of angi- 
oid streaks and disturbance of the retinal pigment epithelium; 2, sudden 
subretinal exudation and hemorrhage in the macular region; 3, scar 
formation in the macula associated at times with the development of 
fresh hemorrhages in other parts of the retina. The anatomic explana- 
tion of the nature of the streaks, which seems to agree most logically 
with this presumed course of the disease and the only one which permits 
a logical etiologic association with pseudoxanthoma elasticum, is the 
theory, advanced originally by Kofler in 1917, that the streaks are 
actually ruptures in the lamina elastica, or lamina vitrea, of the choroid. 
Recently Hagedoorn'® and Boeck* have published very extensive histo- 
pathologic demonstrations of these ruptures in the lamina vitrea and 
have attempted to reconstruct the ophthalmoscopically visible streaks 
on the basis of the microscopically visible fissures. Unfortunately, the 
reproduced streaks do not seem to fit in very accurately with the usual 
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course and location of the angioid streaks, as seen with the ophthalmo- 
scope. And Verhoeff’s objection to this explanation of the streaks may 
be a logical one; in 1926, Verhoeff and Sisson*! “ described and depicted 
changes in Bruch’s membrane essentially identical with those found by 
Hagedoorn in his case, including rupture of this membrane . . . . in eyes 
without angioid streaks in patients over 47 years of age.” 

Hagedoorn gives a very elaborate description of the histopathologic 
changes observed in the study of microscopic sections of both eyes of 
his patient with angioid streaks. He states: “In studying the sections 
stained with hematoxylin and eosin one was struck by the confusing 
variety of pathologic changes; there was, however, one constant and 
dominating feature in both eyes: the pathologic condition of Bruch’s 
membrane... . it seemed to be considerably thickened and was over- 
stained with hematoxylin....the membrane behind the equator 
showed a great number of defects, gathered especially around the disk. 
In the macular region the membrane was missing over considerable 
distances. Under high magnification the margins of most of the defects 
were as clearcut as though done with a knife. Therefore, it may be 
concluded that the defects were true ruptures of the membrane.’’!” 
Hagedoorn states also “It may be concluded that the described type 
of degeneration of Bruch’s layer is specific for angioid streaks.’’ In 
the sections examined by Hagedoorn the choroid appeared to be thick- 
ened and sclerotic with atrophy of the elastic tissue in some regions at 
the posterior pole. The walls of the choroidal arteries were hypertro- 
phied and the internal elastic lamina was undulated and apparently 
normal. The retinal pigment epithelium showed evidences of degenera- 
tion,atrophy and proliferation. Incertain areas, newly formed tissue con- 
taining elastic fibers and small new-formed vessels was present between 
the retina and the lamina vitrea. Hagedoorn concludes that “ in angioid 
streaks a specific degeneration of the elastic system occurs at a time 
when other cells and tissues of the body still are in a good condition. 
New formation of elastic tissue is still possible, but evidently existing 
fibers do not reach the age of other tissues. This means a precocious 
senility of the elastic fibers, which view is supported by the fact that 
the degeneration occurs especially in regions in which the fibers are 
subject to continuous change in tension. It is possible that the mecha- 
nism of cellular and tissue metabolism which becomes defective in senility 
may become disturbed in an isolated specific tissue at an earlier age.’’!” 
This concept of the disease agrees essentially with that of Sorsby'® who 
classifies “angioid streaks”’ under the abiotrophies of the retina and 
choroid and suggests the name “ elastosis dystrophica”’ for the systemic 
degeneration of which the angioid are a part. Apparently this name 
was also or originally suggested by Boeck. 

In the sections of the eyes examined by Boeck, as in those examined 
by Hagedoorn, the most striking changes were found in the lamina 
vitrea of the choroid—diffuse and localized thickenings, changes in 
staining reactions, calcium deposits, and defects in continuity. In a 
Hat reconstruction, these defects form long fissure-like lines resembling 
angioid streaks and also small round or oval holes. Over the smallest 
defects, the retinal pigment epithelium is unaltered and under them the 
choriocapillaris is normal. The defect in the lamina is filled with a 
structureless eosin-staining mass. This suggests that the primary lesion 
n angioid streaks is in the lamina vitrea. In connection with the larger 
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defects, the choriocapillaris is replaced by a fiber-rich, cell-poor connec- 
tive tissue with few remaining capillaries but with some new-formed 
vessels which tend to grow out through the defect and between the 
lamina vitrea and the pigment epithelium, in association with some 
collagenous and elastic fibers. These new-formed vessels may be the 
source of the subretinal exudative and hemorrhagic lesions observed 
clinically. The defects involve apparently both the lamina elastica and 
the lamina basalis of the lamina vitrea. The defects may be due to 
actual degenerative holes as well as to mechanical tears in the diseased 
membrane. Cireumscribed defects were observed also in the elastic 
lamina of a large choroidal artery. In the ciliary arteries extraocularly, 
there was destruction of the lamina elastica with connective tissue pro- 
liferation and with calcium deposits in the muscular and elastic layers. 
Degeneration was noted in the elastic tissue of the wall of the aorta in 
Boeck’s patient as well as arteriosclerosis in other systemic vessels. 
The histologic demonstration of the apparent primary involvement 
of the elastic lamina in eyes with angioid streaks furnishes a clue to the 
significance of the tendency to coéxistence in the same individual of 
angioid streaks in the eves and pseudoxanthoma elasticum in the skin, 
which tendency has been very definitely established clinically. Mont- 
gomery” describes the gross and histopathologic characteristics of the 
skin lesion known as pseudoxanthoma elasticum. The asymptomatic, 
discrete, chamois-yellow to orange papules which constitute the earliest 
recognizable phase of the lesion later assume a linear arrangement or 
merge to form plaques. The flexual folds of the skin soon become lax 
and stretched. The lesions are usually found first on the neck or in the 
axille and may then spread to other parts of the body. Occasionally 
they involve the mucous membranes. Histopathologically, degenera- 
tive changes are found in the elastic tissue in the middle and deeper 
portions of the cutis, which may be either diffuse or in circumscribed 
nodules. The epidermis and upper portion of the cutis are not involved. 
A zone of normal connective and elastic tissue is present between the 
epidermis and the portion of the cutis which has undergone pathologic 
change. In the affected portion of the cutis there is edema and swelling 
of the elastic fibers followed by fragmentation and splitting of the fibers 
and later changes in their staining characteristics. Later, in the center 
of the lesion, there is curling of the fibers and granular and vacuolar 
degeneration of varying degree. The elastic fibers stain blue with 
hematoxylin or methylene blue. There are no changes in the cutaneous 
nerves. The changes in the connective tissue are minimal, edema and 
a tendency to homogenization of some of the collagen fibers. There is 
no or at most slight evidence of inflammatory change. An occasional 
hlood-vessel is seen to have undergone slight dilatation or proliferation 
of the endothelium with or without slight perivascular infiltration of 
a few lymphocytes, plasma cells, and an occasional fixed connective 
tissue cell or mast cell. The elastica of the vessel walls remains intact. 
In 4 cases, stains for fats and lipids gave negative results. In 2 cases, 
detailed studies of blood chemistry revealed nothing abnormal. Mont- 
gomery’ thinks that pseudoxanthoma elasticum can be distinguished 
definitely histologically from senile elastosis in which there is a marked 
degenerative change in the collagen as well as in the elastic fibers, u 
bluish staining of both with hematoxylin or polychrome methylene blue, 
and a merging of the two to form homogeneous masses. The papillary) 
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bodies are involved usually in the process and there is atrophy of the 
epidermis and often of the cutis. Montgomery stated: “Absence of 
inflammatory reaction, together with the history obtained in many 
cases of more than one member of the family having the disease, makes 
it seem more likely that the condition is a malformation of elastic tissue 
and is probably on an hereditary basis.’ It would seem at least 
possible that both angioid streaks and pseudoxanthoma elasticum are 
manifestations of a familial instability of the elastic tissues of the body. 

Several authors, most recently Terry,'®? Lambert,” and Morrison" 
have reported the finding of angioid streaks in the eyes of individuals 
with Paget’s disease of the bones, osteitis deformans. Twelve instances 
of the association of these diseases have been reported in the literature 
to date. The significance of this association is not clear as vet. Terry 
examined the ocular fundi of 22 patients with osteitis deformans; 
3 showed definite angioid streaks. Pseudoxanthoma elasticum has not 
been diagnosed as yet in a patient with osteitis deformans. 

In most of the literature on this subject, the angioid streaks are re- 
garded as the most essential part of the disease. Rayner Batten! has 
advanced a somewhat different concept of a disease of the choroid with 
rather protean manifestations of which the angioid streak is only one 
and not a necessary one. Insummary, Batten stated that this choroidal 
disease has its onset in middle life about the age of 40. It is primarily a 
vascular disease, often familial and probably hereditary. The earlier 
symptoms are pallor around the disks, fine pigment changes at the 
macula, and angioid streaks without necessary loss of vision. The later 
symptoms include central macular hemorrhages and exudation with 
retinitis circinata, extensive choroidal atrophy, scattered gross pig- 
mentation, and retinitis proliferans with or without angioid streaks. 
Batten elaborates on 7 principal points: 1, This familial disease of 
the choroidal vessels is characterized in its early stages by angioid 
streaks and other pigmentary changes of the choroid and retina and 
later by gross central choroidal hemorrhages and the resultant scars. 

The disease is of slow onset and extends over many years. Attention 
may be called to its presence first by the sudden occurrence of gross 
he morrhage, commonly at the mac ‘ula, of choroidal or subhyaloid ty pe. 

, It is a primary disease of the vessel walls, not secondary to any septic 
or = iallemenabiie disease. It may be associated with a similar vascular 
weakness in other parts of the body either in the same individual or 
in other members of the family. 4, The angioid streaks are due prob- 
ably to a slow seepage from the choroidal vessels and are not an essen- 
tial part of this familial choroidal disease. 5, Some hitherto unex- 
plained types of retinal pigment degeneration at the macula and 
choroidal pigmentary degeneration may be other manifestations of this 
disease. 6, This choroidal disease may account for many of the hemor- 
rhages occurring in the macula and other parts of the fundus without 
demonstrable etiology. Retinitis circinata occurs frequently in this 
disease as a phase of the macular hemorrhage stage. 7, There is lack 
of definite information as to the after-history of these cases. But it 
seems probable that, after the subsidence of the acute hemorrhagic 
phase, there may not be much progression and the patient may not go 
on to blindness. Because of the frequent later development of hemor- 
rhagic lesions, a guarded prognosis should be given to patients who 
present only angioid streaks at the time of initial examination.! 
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In view of the many conflicting views and findings presented, to all 
of which certain objections may be raised, it must be admitted that 
the problem of the nature, origin and significance of angioid streaks is 
not settled as vet. It is barely possible that, in spite of the rather 
uniform and characteristic ophth: ilmoscopic appearance of the streaks, 
basically different choroidoretinal pathologic lesions may be concerned 
in their formation. In this connection, it may be well to note the report 
made by Benedict* on the microscopic study of an eye which probably 
presented angioid streaks in the fundus before enucleation. Benedict 
stated: “ Microscopic examination of these sections, however, failed 

show any pathologic changes that could be identified as angioid 
streaks. The retinal structures appeared practically normal, except 
for numerous small vacuoles resulting from fixation and embedding. 
The retinal vessels were patent and showed no sclerosis. There was no 
retinal hemorrhage. The choroid showed perivascular lymphocytic 
infiltration about many of its vessels and heavy deposits of pigment 
surrounding the vessels and nerves. Sclerosis and obliteration of the 
choroidal vessels were not seen. The veins were large and thin walled: 
the arteries were all patent and their walls were not thickened. The 
lamina vitrea was regular except for a few very small hyaloid nodules. 
There was some fibrosis of the choroid, but folding or projections of the 
inner layer of the choroid were not present... . . In the hematoxylin 
stained sections there was no evidence of increased calcium in the 
choroid or the lamina vitrea.... . There were no thrombosed vessels 
about the zonule of Zinn . . . . nor were there any abnormal vessels. . . 
Rents in the pigment epithelium .... could not be confirmed.’ 

In October, 1941, Scholz’ published a review of the literature on 
angioid streaks in which he gave some interesting data. He collected a 
total of ISS cases. Of this number, 66 had been reported from Germany, 
60 from the United States, 17 from Great Britain, 14 from the Seandi- 
navian countries, 9 from France, 8 from Japan, and 6 from South 
America. Six of the cases were in negroes and 6 in Japanese; the rest 
were in whites. Of the patients, 58% were males and the age incidence 
peak was in the fifth decade. Loss of vision was noted in 63% of the 
cases. The color of the streaks was noted in 103 instances; it was said 
to be brown or reddish-brown in 65, gray in 27, and red, black, white, 
or grayish-brown in the remainder. Lesions were found at the macula 
in one or both eyes of 140 patients; recent hemorrhage in 35, scarring 
in 19, abnormal pigmentation in 18, and, in the remaining 23, hole, 
exudate, disciform degeneration, retinitis circinata, or some other form 
of retinitis. Hemorrhage in the retina was described in 65 cases and 
choroiditis in 70. Among the 139 cases reported since 1929, pseudo- 
xanthoma elasticum was found to be present in 59% and was specifically 
stated to be absent in 13%. The diagnosis of osteitis deformans was 
made in 9% of the patients. Senile elastosis was noted in 5 cases 
3.6%). Scholz quotes Sandbacka-Holstroem to the effect that among 
100 cases of pseudoxanthoma elasticum reported in the literature, the 
presence of angioid streaks was noted in 87. According to Scholz, of 
the patients in whom the lesions in the fundi had been observed for 
more than a year, = angioid streaks were noted to have increased in 
number in 33%, to have decreased in 10%, and to have remained 
unchanged in 56%. ‘ 
P. M.D. 
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Vascular Reactions: (1) During Shock; (2) Following Removal of 
Large Amounts of Blood. Ricuarp G. ABELL and Irvine H. Pace 
(Department of Anatomy, University of Pennsylvania, and Lilly Labo- 
ratory for Clinical Research, Indianapolis City Hospital). Shock was 
produced in rabbits and cats by two methods: 1, the incomplete liga- 
tion of all 4 legs (1 rabbit and 14 cats); 2, crushing one taped leg (3 rab- 
bits). Three criteria were used in attempting to determine whether 
the animals actually went into shock. These were: 1, blood pressure 
measurements; 2, hematocrit determinations; and, 3, the appearance 
of the viscera at autopsy. Blood pressure measurements showed a 
gradual and persistent fall in pressure which dropped below 60 mm. Hg 
and remained there for an hour or more before death in 12 of the 14 cats 
in which direct recordings were made. Hematocrit determinations on 
3 cats showed hemoconcentration of moderate degree, readings rising 
in a typical instance from a control of 36% to 45%. Autopsies usually 
showed the presence of small hemorrhages in many parts of the body, 
especially the heart, liver, spleen and lungs. The rabbit and 13 of 
the eats died, in all but 2 instances from 3 to 8 hours after releasing the 
ligatures. Of the 14 cats, 4 were nephrectomized, 3 adrenalectomized 
and 2 pancreatectomized. 

The vessels studied were in transparent intestinal-mesenteric cham- 
bers (Zintel, H. A.: Anat. Ree., 66, 437, 1936). The animals were 
anesthetized with 30 mg./kg. pentobarbital, injected subscapularly in 
the rabbits and intraperitoneally in the cats. Microscopic observations 
‘f the arteries and veins of the mesenteries showed that marked arterial 

onstriction occurred early in shock and usually persisted until an hour 
r so before death. The veins also became narrowed. With the con- 
triction of the arteries and veins there was a noticeable decrease in the 
mount of blood going to the intestine and mesentery, as shown by 
lanching of these structures and decrease in venous return. The same 
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vascular reactions occurred in shock which was produced by incomplete 
ligation of the legs following the removal of both kidneys, or of both 
adrenals, or of the pancreas. No such reactions occurred in the vessels 
of the mesentery of a control cat. 

The effect of hemorrhage on the mesenteric vessels was studied in 
3 cats. Following withdrawal of from 32 to 60 cc. of blood, the arteries 
of the mesenteries constricted and the veins became narrowed, as pre- 
viously noted in shock. 

In 1 rabbit, anesthetized with 30 mg. kg. pentobarbital, the arterioles 
in a transparent moat chamber (Abell, R. G., and Clark, KE. R.: Anat. 
Rec., 58, 121, 1932) in the ear were studied during shock. Arteriolar 
constriction persisted for 3 hours and was then followed by relaxation. 

No narrowing of any of the vessels was observed in the mesentery 
of a cat following destruction of the brain and spinal cord by pithing. 

These experiments indicate that in rabbits and cats the terminal 
stage of shock (produced by the almost complete occlusion of the cir- 
culation of the 4 legs for 3 hours, or by crushing one taped leg) is pre- 
ceded by an intense and prolonged arterial constriction. In the cats 
this was shown to occur regardless of the presence or absence of kidneys, 
adrenals or pancreas. 

A detailed account of the experiments with the cats is in press 
(Page, I. H., and Abell, R. G.: J. Exp. Med.). 


The Influence of Season and Temperature Upon the Oxygen Con- 
sumption of the Sand Crab, Emerita Talpoida Say. G. A. Epwarps 
(The Edward Martin Biological Laboratory, Swarthmore College, 
Swarthmore, Pa.). The oxygen consumption of the sand crab at rest 
was measured in summer and winter, using animals of various sizes 
and of both sexes. The life span of Emerita talpoida from the Woods 
Hole region was determined and it was found that the females lived 
about 27 months and the males about 25 months. The adult female 
has a carapace length of 25 mm. and the male 15 mm. In summer the 
animals were found distributed over the whole beach but in winter the 
shores are often frozen and the animals were found away from the shore 
under 6 to 12 feet of water. Growth and activity are maintained 
throughout the whole year. 

The oxygen consumption of the smaller animals was greater than 
that of the larger animals per unit of weight and at any given tempera- 
ture. The effect of rising temperatures upon the metabolism was 
greater in the smallest weight class of animals and least in the largest 
animals. 

Sudden changes in temperature of 10° or less from the normal brought 
about rapid changes in the oxygen consumption, but the effect was such 
that the oxygen consumption became normal immediately when the 
animals were returned once more to the initial temperature. Greate! 
changes had an effect such that the animal lost the ability to return to 
the normal oxygen consumption again. 

The oxygen consumption of both the winter and summer animal 
increased with increases in temperature until heat injury set in and ther 
decreased. The maximum oxygen consumption in summer was at 
26° C., that in winter slightly lower. The oxygen consumption 1! 
winter was greater than that in summer at temperatures below 17° t 
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20° ©. The thermal death point in summer was approximately 10° 
higher than that in winter. 

[t appears that Emerita talpoida from the Woods Hole area becomes 
adjusted with season in such a manner that the metabolism in winter is 
kept up toward a level comparable to that during the warm summer 
months. The winter acceleration of metabolism coincides with the 
preservation of growth and activity at low temperatures. 


The Respiratory Reactions to Hypoxia in the Normal Unanesthetized 
Dog. A. H. CHamBers, GEORGE Brewer, H. W. Davenport and 
SAMUEL Go.tpscuMipt (Department of Physiology, University of Penn- 
sylvania). Respiratory minute volume, rate, and tidal air were meas- 
ured on normal, unanesthetized dogs breathing oxygen concentrations 
ranging from 16% to 4%. 

Minute volume increased to a maximum value within the first 3 to 
(} minutes, then fell off to a plateau level maintained throughout the 
experimental period. With 16% or 14% oxygen the plateau may fall 
back to control (outdoor air) level, while rate may remain unchanged. 
In all cases, the initial increase in minute volume was accomplished by 
increased tidal air rather than rate, while the fall to the plateau was 
accompanied by decreased tidal air and increased rate. At all times, 
tidal air remained above control value. With 4%, 5% or 6% oxygen a 
second increase in minute volume characterized by an increased rate 
and maintained tidal air, occurred following the initial increase. In 
long experiments such increases may be repeated several times. 

While breathing room air following 20 minutes’ exposure to low 
oxygen minute volume fell to a value 50% to 70% of the control. Tidal 
air at this point decreased below control value and rate, if previously 
increased, fell to or slightly below control. 

Absence of apnea following loss of CO2 during the previous hyperpne: 
suggests a stimulating factor produced during hypoxia which can main- 
tain the respiration. 

A few long experiments using 4% oxygen were done to determine the 
point of failure of respiration. This time ranged from 40 to over 155 
minutes. Respiration ceased before the heart failed. Resuscitation 
by artificial respiration failed in only 1 case. 


The Respiratory Reactions to Hypoxia in Dogs With Deafferented 
Carotid and Aortic Receptor Areas. Horace W. Davenport, GEORGE 
BREWER, ALFRED H. CHAMBERS and SAMUEL GoLpscuMipT (Depart- 
ment of Physiology, University of Pennsylvania). Three unanesthe- 
tized dogs deprived of their chemoreceptors were made to breathe air- 
nitrogen mixtures in which the oxygen percentage was from 18% to 
9%. At the beginning of the period of hypoxia their minute volumes 
decreased from 15% to 27%. The decrease was relatively independent 
of the degree of hypoxia. With increasing hypoxia the tidal air at the 
point of maximum depression decreased below the control, and the 
respiratory rate increased. The maximum depression occurred earlier 
the lower the oxygen percentage. Following the depression the minute 
volume increased to or above the control and was maintained high 
throughout the rest of the period of hypoxia. The increase above the 
point of maximum depression increased with increasing hypoxia. 
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During the increase the tidal air rose toward the control level, and the 
rate increased. Both changes were proportional to the degree of hy- 
poxia. When the dogs again breathed air their minute volumes remained 
greater than the control for at least 10 minutes. 

The results are interpreted to mean that during hypoxia central 
depression of the respiration and some sort of central stimulation exist 
coincidentally. The depression and stimulation increase with time and 
with hypoxia, and after the end of hypoxia they decay slowly. The 
respiration represents the algebraic sum of the depression and stimula- 
tion. The stimulation is quantitatively greater and is responsible for 
the maintenance of a high minute volume despite the existence of 
depression. 
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Editorial Note to Medical Authors: We wish to call the special attention of 
author-contributors and readers of this Journal to two of the most frequent errors 
that appear in our manuscripts. 

The first—the misuse of ‘milligrams per cent’’—is well covered on Page 53 of 
the American Medice! Association’s book entitled ‘‘Medical Writing’: ‘‘ Results 
of chemical determinations are frequently expressed as ‘milligrams per cent’ or 
‘grams per cent.’ This means literally ‘milligrams (or grams) per hundred milli- 
grams (or grams),’ which in most instances is not the information that the author 
wishes to convey. To insure accuracy a writer should specify the unit used, such as 
‘milligrams per hundred cubic centimeters’ or ‘milligrams per 100 gm.’ If a num- 
ber of values are (sic) given close together in a section or in a short paper, it usually 
is sufficient to supply ‘per hundred cubic centimeters’ the first time the phrase 
appears and to use merely ‘milligrams’ (not ‘milligrams per cent’) thereafter.’"” We 
have become so weary of correcting this fault—and yet probably have overlooked it 
in many cases—that we are taking this means of trying to reduce it for the future. 
We hope that other journals, and especially the Journal of the American Medica] 
Association with its large circulation, will also emphasize the point. 

We should like to regard the word “consider” as indicating that the item is still 
under consideration or being meditated upon, 7.e., that no conclusion has been reached. 
This is usually the first meaning given by dictionaries for this word. We believe 
that, some dictionaries to the contrary notwithstanding, it is improper to use the 
word where a decision has been reached; in which case some such word as “think to 
be,”’ or ‘‘regard as”’ or “ believe to be”’ or “‘ hold as an opinion”’ gives the more exact 
meaning. 


Tae Epirtor. 


